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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 at 
Brookhaven National Laboratory. I t  is funded by the "Rikagaku Kenkyusho" (RIKEN, 
The Institute of Physical and Chemical Research) of Japan. The Center is dedicated to the 
study of strong interactions, including spin physics, lattice QCD, and RHIC physics 
through the nurturing of a new generation of young physicists. 

The RBRC has both a theory and experimental component. The RBRC Theory 
Group currently consists of about twenty researchers, and the RBRC Experimental Group, 
of about fifteen researchers. Positions include the following: full time RBRC Fellow, half- 
time RHIC Physics Fellow, and full-time, post-doctoral Research Associate. The RHIC 
Physics Fellows hold joint appointments with RBRC and other institutions and have tenure 
track positions at their respective universities or BNL. To date, RBRC has -40 graduates 
of which 14 theorists and 6 experimenters have attained tenure positions at major 
institutions worldwide. 

Beginning in 2001 a new RIKEN Spin Program (RSP) category was implemented at 
RBRC. These appointments are joint positions of RBRC and RIKEN and include the 
following positions in theory and experiment: RSP Researchers, RSP Research Associates, 
and Young Researchers, who are mentored by senior RBRC Scientists. A number of 
RIKEN Js. Research Associates and Visiting Scientists also contribute to the physics 
program at the Center. 

RBRC has an active workshop program on strong interaction physics with each 
workshop focused on a specific physics problem. Each workshop speaker is encouraged to 
select a few of the most important transparencies from his or  her presentation, 
accompanied by a page of explanation. This material is collected at  the end of the 
workshop by the organizer to form proceedings, which can therefore be available within a 
short time. To date there are seventy-six proceeding volumes available. 

A 10 teraflops RBRC QCDOC computer funded by RIKEN, Japan, was unveiled at a 
dedication ceremony at BNL on May 26,2005. This supercomputer was designed and built 
by individuals from Columbia University, IBM, BNL, RBRC, and the University of 
Edinburgh, with the U.S. D.O.E. Office of Science providing infrastructure support at 
BNL. Physics results were reported at the RBRC QCDOC Symposium following the 
dedication. A 0.6 teraflops parallel processor, dedicated to lattice QCD, begun at the 
Center on February 19,1998, was completed on August 28,1998 and is still operational. 

N. P. Samios, Director 
October 2005 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH.10886. 
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RBRC Scientific Review Committee Meeting 

October 10-12,2005 

Brookhaven National Laboratory, Upton, NU 11973 

The eighth evaluation of the RIKEN BNL Research Center (RBRC) took place 
on October 10-12, 2005, at Brookhaven National Laboratory. The members of the 
Scientific Review Committee (SRC) were Dr. Jean-Paul Blaizot, Professor Makoto 
Kobayashi, Dr. Akira Masaike, Professor Charles Young Prescott (Chair), Professor 
Stephen Sharpe (absent), and Professor Jack Sandweiss. We are grateful to Professor 
Akira Ukawa who was appointed to the SRC to cover Professor Sharpe's area of 
expertise. In addition to reviewing this year's program, the committee, augmented by 
Professor Kozi Nakai, evaluated the RBRC proposal for a five-year extension of the 
RIKEN BNL Collaboration MOU beyond 2007. Dr. Koji Kaya, Director of the 
Discovery Research Institute, RIKEN, Japan, presided over the session on the 
extension proposal. In order to illustrate the breadth and scope of the RBRC 
program, each member of the Center made a presentation on hisher research efforts. 
In addition, a special session was held in connection with the RBRC QCDSP and 

' QCDOC supercomputers. Professor Norman H. Christ, a collaborator from 
Columbia University, gave a presentation on the progress and status of the project, 
and Professor Frithjof Karsch of BNL presented the first physics results from 
QCDOC. Although the main purpose of this review is a report to RIKEN 
Management (Dr. Ryoji Noyori, RIKEN President) on the health, scientific value, 
management and fbture prospects of the Center, the RBRC management felt that a 
compendium of the scientific presentations are of sufficient quality and interest that 
they warrant a wider distribution. Therefore we have made this compilation and 
present it to the cornmunity for its information and enlightenment. 

We thank Brookhaven National Laboratory and the U. S. Department of 
Energy for providing the facilities to hold this meeting. 

N. P. Samios 
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RlKEN BNL Research Center 
Building 51 OA, Brookhaven National Laboratory, Upton, NY 11 973 USA 

RBRC Scientific Review Committee (SRC) Meeting 
Brookhaven National Laboratory, Upton, NY 

Physics Department, Building 510, Open Sessions - Large Seminar Room 
October 10, 11 & 12,2005 

Agenda 

Committee Members: Jean-Paul Blaizot, Makoto Kobayashi, Akira Masaike, Kozi Nakai, 

Host: Koji Kaya, Director of Discovery Research Institute, RIKEN, Japan 
Charles Prescott, Chair; Stephen Sharpe (Absent), Jack Sandweiss, Akira Ukawa 

Mondav, October 10,2005 
8:OO AM to 9:00 AM Open Executive Session & Workinx Breakfast (Room 2-160) 

( h e s e n  tu tions by RIKEN/RB RC Amin i i i ra  tion) 
Large Seminar Room 
9:OO AM to 10:30 AM THEORY GROUP PRESENTATIONS--LARRY MCLERRAN, CHAIR 

9:00 Calculations of Cross Sections and Spin Asymmetries 
In Hadronic Scattering 

Werner Vogelsang 

9:lO Global Analysis: Update of Fragmentation Functions Stefan Kretzer 

9:20 

9:30 Thermalization in the Color Glass Condensate Kirill Tuchin 

Single Transverse Spin Physics: From DIS to Hadronic Collisions Feng Yuan 

9:40 Quarkonia Correlators Above Deconfinement Agnes Mdcsy 

9:50 Properties of the Plasma Created at RHIC Denes Molnar 

1O:OO Charge Transfer Fluctuations as a QGP Signal Sangyong Jeon 

1010 Effective Action for High Energy QCD with the Pomeron Loop Yoshitaka Hatta 

10:20 AM Break 

11:OO AM to 1230 I'M THEORY GROUP PRESENTATIONS--ANTHONY BALTZ, CHAIR 

moo 

11:15 

11:25 

11:35 

11:45 

Feedback Effects on the Pairing Interaction in Color Superconductors 

Phase Structure and Instability in Dense Quark Matter 

Charm Mesons with DWF Quarks on a Quenched 3 GeV Lattice 

Electromagnetic Properties of Hadrons with 
Two Flavor Dynamical Domain Wall Fermions 

Quarkonia Correlators and Special Functions at T>O 

Spin 3 /2 Pentaquark from Lattice QCD 
Isospin Breaking of Baryon Masses from Lattice QCD 

Kei Iida 
(Presented by 
Kenji Fukushima) 
Kenji Fukushima 

Shigemi Ohta 

Thomas Blum 

Peter Petreczky 

Takumi Doi 
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Mondav, October 10,2005 (Continued) 

Larne Seminar Room 

11:55 AI = 3/2 Kaon Weak Matrix Elements with Non-zero 
Total Momentum 

Takeshi Yamazaki 

12:05 Neutron Electric Dipole Moment from Sinya Aoki 
Lattice QCD Calculations 

1230 to 1:30 PM SAC Executive Session - Working Lunch (Room 2-1 6Q) 

k30 PM to 3:OO PM EXPERIMENTAL GROUP PRESENTATIONS --HIDETO EN'YO, CHAIR 

1:30 RHIC Heavy Ion Physics Yasuyuki Akiba 

1:45 RHIC Polarimetry Itaru Nakagawa 

2:OO The Pursuit of Polarized Gluon Distribution Abhay Deshpande 
in the Nucleon with PHENIX 

2:15 Spin Fest--2005 Data Analysis Yuji Goto 

230 Relative Luminosity Measurement at PHENIX David Kawall 

2:45 Measurement of Direct Photons in 1s = 200 GeV 
p+p Collisions 

Kensuke Okada 

3:OO Break 

3:30 PM to 445 PM EXPERIMENTAL GROUP PRESENTATIONS--GERRY BTJNCE, CHAIR 

3:30 Spin Dependent Fragmentation Function Matthias Grosse Perdekamp 
Results From Belle 

3:45 Toward Measuring the Internal Spin-dependent Douglas Fields 
Transverse Momentum of Quarks and Gluons in the Proton 
at RHIC 

400 CCJ- Status and Progress Yasushi Watanabe 

415 A Silicon Vertex Tracker for PHENIX Atsushi Taketani 

4:30 PHENIX Muon Trigger Upgrade Wei Xie 

-5:OO PM SRC Executive Session (Room 2-1 60) 

4 Continued Next Page 



Tuesdav, October 11,2005 
8:OO AM to 8:30 AM SRC Executive Session and Continental Breakfast (Room 2-1 60) 

Large - Seminar Room 
8:30 AM to 1O:OO AM 
8:30 Overview Nicholas P. Samios 

QCDSP/QCDOC: Physics Results and Prospects/Project Stabs 

8:35 RBRC Lattice QCD - An Overview Norman H. Christ 

8:55 Meson Spectrum and Kaon Physics Christopher Dawson 

9:15 Thermodynamics of Strongly Interacting Matter--First 
Results from QCDOC 

Frithjof Karsch 

9:35 Beta Decay on the Lattice Shoichi Sasaki 

1000 AM to 12:30 PM Meetings with Individual RBRC Staff 
(Possible Tours) 

1230 PM to 1:30 PM 

1:30 PM to 300 PM 

Theorists (Room 2-160) 
Experimentalists (Orange Room) 

SRC Executive Session and Working Lunch (Room 2-260) 

Meetings with Individual RBRC Staff (Continued) 

Theorists (Room 2-160) 
Experimentalists (Room 2-78) 

3:OO PM to 400 PM SRC Executive Session (Room 2-1 60) 

400 PM to 5:OO PM Meeting with RBRC Administration (Room 2-1 60) 

5:OO PM Organizational Meeting for 
Review of 5-year RBRC Renewal (Room 2-1 60 ) 

700 PM Reception and Dinner (Three Village Inn, Stony Brook) (See Invitation) 

Wednesdav, October 12,2005 
8:OO AM to 9:00 AM SRC Executive Session and Continental Breakfast (Room 2-1 60) 
Room 2-160 
9:oo AM to 11:ooAM RBRC Proposal for a 5-year Extension of the 

RIKEN BNL Collaboration MOU Beyond 2007 

9:oo AM Overview Nicholas P. Samios 

920 spin Hideto En'yo 

9:40 Theory Larry McLerran 

1o:oo Break 

10:20 Computing Norman Christ 

10:40 RHIC Operations Thomas Roser 

11:OO AM to 3:30 PM 

3:30 PM to 400 PM 

SRC Executive Sessions and Working Lunch (Room 2-260) 

Closeout/Adjourn (Room 2-160) 
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RBRC Scientific Review Committee Membership 2005 

Dr. Jean-Paul Blaizot 
Service De Physique Theorique 
C.E.A. Saclay 
Orme Des Merisiers 
F-9 1 191 GIF-SUR-YVETTE, CEDEX, France 
TEL. 33 1 69 08 81 19 
FAX 33 1 69 08 81 20 
E-mail: blaizot@spht.saclay.cea.fr 
Dr. Jean-Paul Blaizot 
Director, ECT* 
European Centre for Theoretical Studies in 
Nuclear Physics and Related Areas 
Trento, Italy 

Professor Makoto Kobayashi 
Trustee and Director 
KEK, High Energy Accelerator Research Organization 
Institute of Particle and Nuclear Studies 
1 - 1 Oho, Tsukuba-shi 
Ibaraki-Ken, 305-0801, Japan 
TEL: +8 1-29-864-5 103 
FAX: +81-29-864-2397 
E-mail kobayath@,post. kek.i p 

Dr. Akira Masaike 
Director, JSPS Washington Office 
Japan Society for the Promotion of Science 
1800 K Street, N.W., Suite 920 
Washington, D.C. 20006 
TEL: 202-659-81 90 
FAX: 202-659-8 199 
E-mail: masaike@jspsusa.org 

Professor Kozi Nakai 
Tokyo University of Science 
Faculty of Science and Engineering 
Department of Physics 

KEK 
High Energy Accelerator Research Organization 
Institute of Particle and Nuclear Studies 
1-1 Oho, Tsukuba-shi 
Ibaraki-Ken, 305-0801, Japan 

Mailing Address: 

TEL: +81-4-7124-1501, Ext. 3520 
FAX: +8 1-4-7123-9361 
E-mail: nakai@post.kek.jp 
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Professor Charles Young Prescott (RBRC SRC Chair) 
Stanford Linear Accelerator Center, MS 43 
P.O. Box 20450 
Stanford, CA 94309 
TEL: 650-926-2856 
FAX: 650-926-3826 
E-mail: prescott@slac.stanford.edu 

Professor Stephen R. Sharpe 
Physics Department, Box 35 1560 
B406 Physics-Astronomy Building 
University of Washington 
Seattle, WA 98195-1560 

FAX: 206 685 0635 
E-mail: sharpe@phys.washington.edu 

TEL: 206-685-2395 

Professor Jack Sandweiss 
Yale University 
Physics Department 
P.O. Box 208121 
New Haven, CT 06520-8121 
TEL: 203-432-3358 
FAX: 203-432-6125 
E-mail: sandweiss@,hepmail.physics.yale.edu 

Professor Akira Ukawa 
Director of Center for Computational Sciences , 

University of Tsukuba 
Tennodai 1 - 1 - 1 
Tsukuba, Ibaraki, 305-8577, Japan 
TEL: +81-29-853-6485 
FAX: +81-29-853-6406 
E-mail: ukawa@ccs.tsukuba.ac.jp 

Meeting Host: 
Dr. Koji Kaya 
Director, Discovery Research Institute 
RIKEN 
Hirosawa 2- 1 , Wako-shi, Saitama 
351-0198 Japan 
TEL: +81-48-462-1111 
FAX: +8 1-48-467-9895 
E-mail: kay a@riken.j p 
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RBRC ADMINISTRATION 
PRESENTATIONS 
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RBRC Overview 

Nicholas P. Samios 
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RBRC Operations & Accomplishments 

April 5,2004 
Auspicious Year 

New Discoveries at RHlC 

Vol. 9 RBRC Scientific Articles 

May 1445,2004 Workshop: Busza, Gyulassy & 
Mc Le rra n 

Vol. 62, RBRC 
Nuclear Phys. A750, March 2005 

"One of the major discoveries emerging from RHlC is 
the creation of a form of hot dense ( I O  to 30 times 
denser than a nucleon) matter whose properties are 
consistent with those of a strongly coupled plasma of 
subatomic quarks and gluons -the so-called quark- 
gluon plasma that existed a few microseconds after 
the birth of the universe." i 

August 2005 First Three Years of Operation of RHIC 
Nuclear Physics A757 (2005). 
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Run 

Run 2 

Run 3 

Run 4 

Run 5 

Run 6 

FI  00 

FY 01-02 

FY 03 

FY 04 

FY 05 

FY 06 

Au x Au 20 GE 

Au x Au 200 GeV 

d x A u  200 GeV 

Au x Au 200 GeV 
62 GeV 

j5 x jS(30%pol) 200 GeV 

cu  x c u  200 GeV 
62 GeV 

7 -  

p p (50% pol) 

p F(70% pol) 200 GeV 

200 GeV 

I pb-” 

4 0  pb-” 

50 nb’” 

1300 pb-” 

20 pb-” 

3 pb-” 

15 nb” 
0.5 nb-” 

12 pb-” 

20-1 00 pb-‘ 
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RHIC R u n 4  Cu-Cu 

The Relativistic Heavy Ion Collider Run-5 

9/21/05 1043 AM 

Integrated Cu-C'u Luminosity 
]delivered to Phenix, in n b-'l 

Copper-Copper Operation 2004/05 

LBrahmsJ [Phenisl rt'hobos] D3cm Esnerimcntsl TRI-IIC Runs Overview] 
[RtiIC AGS Machine Status] rScheduline Phvsicist] [MachineiDetector Planninpl 

'I'otnl 
~100(ieV/u] 

15.16 
I 1  

IC-AD Broadcast1 -1 
[Rooster/iZGS/IIH1C$] Wn erations] [RHIC Onerations] [Controls] [9L1 Analvsisl rlniection Stat4 

[OC Elog] KuCu Elog] [Shifl Leaders Schedule1 rConfiguration Control1 [Pian of the Davt 

Run-5 
preparation: 

Retreat 
summary 

Proicctions 
lniectnr 

parameters 

parameters 
lniectors 

rn 
~Ir~ani7a t ion  

0 

Total 
[3 lGeV/u] 

0.520 
I...] 

Total delivered luminosities: 
(from January 11,2005) 

[in nb-' 1 [in fib-'] 

Experiment 100GeVh 31.2GeVh 

Phenix 15.16 520 
Star 14.99 470 
Brahms 6.15 300 
Phobos 5.67 250 

[Run41 [Drv Run I ]  [Drv Run 21 rDrv Run 31 Btart l h ~  Cu Iniectorsl -1 
pun Schedule] fRun-5 History1 [Run-5 Weekly Status] 
Run Coordinator: Fulvia Pilat pilat@bnl.gov 7273 (BNL beeper) 631-576-5475 (cell) 631-344-3134 (ofice) 
Deputy: a&iJ!&i mbai@,bnl.gov xxxx (BNL beeper) 631-721-6948 (cell) 631-344-3397 (ofice) 

Last modified Wed Mar 23 010:30 EDT 2005 

631-689-6274 (home) 
6314961266 (home) 

http:l/www.agsrhichome.bnl.gov/AP/RHIC2005/ Page 1 of 1 



Put the results together 
3 

03.4 

I 

. !  , , I , , , , , . , ! ,  , I ,  I , , , i , , I  
0 2 4 6 8 10 12 14 16 18 20 0- 0 0.5 1 1.5 2 25  3 3B 4 A!! 5 

p, (GeV/C) R t*W 

1 2,5-4GsVlcx2~3GeVlc, A l l C h a d  

0.01 

0 

L 

The matter is 
strongly coupled 

\ The matter is dense/ 

L 
1.5 

4 0 1 2  3 4 RAA 1 PHENlX J;lp - P r e h f n q '  : ::E; 
The matter A m 4  

modifies jets 

&Ge' 

The matter may melt 
but regenerate'J/y's o.o- IO0 

The matter is hot 
I I I _  

IO3 NColl 
IO' 102 



Analyzed Runs I, 2,3,4,5 

Run 4 Au x Au 200 GeVlA 1300 pb-‘ 
62 GeVlA 20 pb-’ 

Run5 Cu xCu 200GeVlA 15 nb-’ 
62 GeVlA 085 nb,’ 

Investigate properties of hot dense matter. 

Color Glass Condensate 

New Probes: JW 
Direct photons 

Open Charm 

. .  
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RHIC Run4 9/21/05 1039  AM 

Avg_Lum Polarization Fig. ofMerit The Relativistic Heavy Ion Collider Run-5 ~:cm-2s-l] p] [L*(Pl*P2)**2] 
Polarized Proton Operation 6e30 B: 49.5, Y: 534.5nb-1 

[Phenixl [Phobosl [Brahmsl TRHICSuin] Avg Weekly Luminosity Total Luminosity 
44.5 

[RHIC AGS Machine Status1 [Schedulino Plivsicisg [Beam Ex- 

1.34pb-1 12.6pb-1 
[C-AD Broadcast1 [Ring Temueraturesl [Retreat 20OSJ 
rEloqs1 [OC El@ [Configuration Control] 
[RHIC PP Elogl [RHIC Shift Leaders Schedulel rRHlC Run Plan1 [RHlC 205GeV Development Plan] 
rAGS PP El04 LAGS Shiff Leaders Schedulel rAGS Run Schedule1 [AGS Reciue] 
RHIC Paramete 

LHIC 
'imeLine 

AGS pp Setup: March 3 -- 
RHIC pp setup: March 24 0800 -- March 30 

Access: March 30 0800 -- April 1 0800 
0800 

o Jetinstallation 
0 CNIinstallatiOn 
o AGS cold snake installation 

R&p development: April 1 0000 - April 17 

PhysicsRun: 

o End: June 25 1000. RHIC fill: 07327 

0000 

o Start: April 17 OOOO. RHIC fill: 06905 

.HIc performance: 

Luminosity performance: 
o a total of 12.6pb-1 with longitudinal 

polarization 
o a total of 160nb-1 with vertical 

polarization was recorded by 
experiments 

Polarization performance: 
o Average(Blue/Yellow): 49.5144.5 
o maximurn(Blueffe1low): 61.9E8.4 
o 205 GeV development 

Beam was accelerated to 
205GeV. A polarization of 30% 
was measured in both rings at 
205GeV 
Started to provide collisions of 
56 bunches at 205 GeV for 
Physics around midnight of 
June 3 

Run5 RHIC p*p" betbered Integrated Luminosity 

date 
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Spin Program 

All components in place 
Polarimeters 
Gas jet polarized target 
Warm helical snake (RIKEN) 
Cold helical snake 
Spin rotators and Siberian snakes 

+ +  
Run4 p x p  200GeV/C 3pb-' 

Run 5 200 GeVk 12 pb-' 

Polarization - blue & yellow 4540% 
with cold snake 70% expected 

Run 6 200 GeVk -50 pb'l FY'06 

RBRC = Time to exploit the investment in spin 
program 

19 
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QCDSPIQCDOC 

QCDSP Operations (0.6 teraflops) 
Efficiency > 99% 

QCDOC Operational I O  teraflops 
Dedicated May 26,2005 
90% Lattice QCD 
10% other 

UK QCDOC 10 teraflops 
Assem bled, tested, shipped 
and operational 

Assembled, tested and operational 
DOE QCDOC 10 teraflops 
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R B R C  
Director Emeritus: T. D. Lee 
Director: N. P. Samios 
Associate Director: H. En’yo 

Theory Group Leader: L. McLerran 
Deputy Group Leader: A. BaItz 

Experimental Group Leader: H. En’yo 
Deputy Group Leader: G. Bunce 

Theory Advisory Committee: 
T. D. Lee 
L. McLerran, Chair 
A. BaItz 
M. Creutz 
IF. Karsch 
M. Gyulassy 
R. Pisarski 

Experimental Advisory Committee: 
A. Masaike 
J. Sandweiss 
N. Saito 

Workshops/Meetings: 10 
Publications: 95 Theory/-60 Experiment 
Seminars: S/week 
Other Articles: 1/11 
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Outstanding Junior Investigator (0 JI) 
Awards 

RBRC: Six Awards 

Son, D. T. (2000) 
Stephanov, M. (2001) 
van Kolck, U. (2001) 
Schaefer, T. (2002) 
Bass, So (2003) 
Blum, To (2005) 
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Plenary Speakers at International 
Lattice Gauge Conference 

Dublin 2005 

Chris Dawson 
Taku Izubuchi 
Torn Blurn 
Tilo Wettig (Graduate) 

Plenary Speakers at QM 2005, 
Budapest . 

D6nes Molnir 
Kazunori Itakura (Graduate) 
Diana Kharzeev (Graduate) 
Yasuyuku Akiba 

25 



Spin Physics 
(Theory & Exp) 

Nuclear Physics 

High Energy-RIKEN Theory 

QCD and RHIC Physics 
(Theory & Exp) 

Nuclear Physics-RIKEN Theory 

Weekly Seminars 

Tuesdays 
(1O:OO a.m.) . 

Tuesdays 
(1 1 :00 a.m.) 

Wednesdays 
( 1 :30 p.m.) 

Thursdays 
(12:30 p.m.) 

Fridays 
( 2:OO p.m.) 

Organized by Y. Goto 
W. Vogelsang 
A. Deshpande 

Organized jointly by 
W. Vogelsang 
with BNL Staff 

Organized jointly by 
S .  Ohtawith 

BNL Theorists 

Organized by 
P. Petreczky 
K. Iida 

Organized jointly by 
P. Petreczky 
with BNL StafT 

26 



Future Workshops: RBRC/BNL 

Odderon Searches at RHIC 
Organizers: Wlodek Guryn, Yuri Kovchegov, 

Larry Trueman and Werner Vogelsang 
Dates: September 13-1 5,2005 

Heavy Flavor Production and Hot/Dense Quark Matter 
Organizers: Yasuyuki Akiba, H.Huang, R. Rapp, 

KiriII Tuchin, and Wei Xie 
December 12-1 4,2005 

RHIC Collisions at Low Energies 
Organizer: T. Ludlam, et al. 

February 2006 

RHIC Physics and the Standard Model: A Workshop and 
Symposium 

Organizers: A. Deshpande, D. Kharzeev, 
R. Venugopalan and Werner Vogelsang 

June 25-30,2006 

27 



New Universities: 

Theory 

Iowa State Unwers ~ y :  Kirill Tuchin 
P u rd u e U n ivers it y : 
SUNY, Stony Brook: Urs Wiedemann 

Denes Molnar 

Prospective 

UCLA 
Texas A&M 
Penn State 

Experiment 

U. of Massachusetts, Amherst: David KawaII 

New Hires: 

Theory: Post Doc: Agnes M6csy 
Experiment: Fellow: Kensuke Okada 

Post Doc: Patricia Liebing 

28 



RBRC Experimental Group Overview 

Hideto En'yo 

29 





RBRC Experimental Group 
Overview 

RBRC Scientific Review Committee 
1042 October 2005 

Hideto En’yo 

1 
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W cn 

RIKEN 
construction 

Proton and its spin motion in Snake 

Snake MagneUSpin Rotator 



w m 

PIEWORK 

ata transfer between RlKEN and BNL 
etwork : -6OMBlsec 
ending by air : -2OMBlsec (=200GBx60tapes/week) 
using media tape (1 tape=200GB, 1 case=60tape) 

CCJI 
e111 

t 
RSCC 



Data transfer challenge 
over the Pacific with network 

CCJ archived runsgp data amount(Thu May 19 D9:!B:SQ JST 2OOS) \ 

E L b n L 
60 

days from 2QQ51rQ3131 
U 



Personnel 
Status and recent movements 

0 RIKEN+R€€RC is t e second bi gest PHENIX participating institute next 
to BNL. 
Yasuyuki Akiba and Matthias Perdecamp are appointed as s 

w 
W 



Member o f  RE3RC Experiment 2004/5 
. .  . ... 

RB RC 

RIKEN 

- 

Student 

- 
.__I- - 

I I I I I I I I I okyo-U I . -  , ,  . I I I 

RSP VR 

Id. ASaI I I I I I I I i 
I .. --3 UI I 

10-u I I .I_" I I 

Tenure 

I I 
I I I 
I I 

5U 

40 S 
.. . 

. .  . 
35 

15 Students, 
8 Spin, 3 HI, 4 Upgrade 1 



EXPERIMENT 

TITeoh 

I 
Kyoto 

Student Status (RBRC&Wako) 
2001 2002 2003 2004 2005 

p. 
0 . . . - - . . 

U.Tokyo Y. Hatta t JRA , , ,  I JRA I R $ R ~ ' $  ,~ mp%l ~ 'High Density 
Hiroshima U. H. Yokoya i JRA I JRA I pQCD 
Kanazawa U. K. Hashimoto JRA JRA Lattice QCD 

=RBRC Young Researcher 
RIKEN Junior Research Associate 
RIKEN Student Part Timer 

RIKEN Special Doctral Fellowsh PostDOC 
I JSPS DC Student 

15 

10 

5 

0 
JFY 

This physics program attracts young people. 
They graduate, and new ones join. 

10 
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Transversity (or Orbital motion) 

We discovered 
forward neutron 
asymmetry -0*051/ -0.1 

-0.15k1 

_LL--LI-.L.. c i 

combined 2-bin 

0*2 

0 

-0.2 

-0.4 

0 0.2 0.4 0.6 0.8 
X "-.--.-.I.- 



.
 

c
-
 

c L 
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Detector Upgrade in PHENIX 

(50 pm x 425 pm) 
(80 pm x 3 cm) 
(50 pm x 2 mm) 

1 - 2v0 X,per layer 

endeap resolution < 150 pm 
barrel resolution < 50 pm 

-4-r 
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The world first Polarized Collider 
is now producing Exciting Physics Results 

We are in. fill swing 
and will continue to be P 

W 

19 





Theoretical Physics at RIKEN BNL Research Center 
Strong Interactions and QCD 

Larry McLerran 

51 





Ln w 

Theoretical Physics at RIKEN-BNL Center 

Strong Interactions and QCD 

How are strongly interacting particles made from fundamental constituents? 

How do fundamental interactions of QCD produce mass and confinement? 

What is the behavior of strongly interacting matter in bulk? 
Nuclear Matter - Quark Gluon Plasma 

What s the physics beyond the standard model? 
Tests of CKM matrix. 

All issues intertwined! 
Require understanding and computation. 

I 



Current Interests in RIKEN-BNL Center 
Lattice Gauge Theory 

Masses and matrix elements of hadrons 
CKM matrix 

Properties of QGP and hadronic matter 

Structure of Hadrons 
Origin of spin 

Quark and gluon distribution functions 
Perturbative QCD at RHIC and LHC 

Color Glass Condensate and Quark Gluon Plasma 
RHIC Phenomenology 

Everything for 
n 

2 



Accomplishments and Goals of Lattice Gauge 
Theory at RBRC 

Have built and are now operating QCDOC. (Two other machine 
built and operating: DOE and Edinburgh) 

Will here preliminary results from QCDOC on 

The weak interactions in strongly interacting particles 

CP violation in kaon decays 

Spectra of exotic hadronic states, such as pentaquark 

Low energy matrix elements 

QCD Thermodynamics 

3 



Accomplishments and Goals in Study of Spin 
and Perturbative QCD 

Achievements: 

Developed GRSV Spin Structure Functions 

Developed one set of standard structure functions used in heavy 
ion, dA and pp 

Used GRSV for analysis at RHlC 

NLO spin asymmetry in pp and gamma p->pion X (gluon spin 
measurement) 

QCD soft gluon resummations 

Single spin asymmetries in DIS and polarized pp 

Goals 

Extract gluon spin from RHlC experiments 

Understand hard processes in larger program 

cn OI 

4 



cn 
U 

Accomplishments and Goals in Study of High .Energy 
Density Matter 

Acco m p I ish men ts : 

Complete 3-d computations of distributions of particle produced in 
heavy ion collisions and relation to QGP 

Developed a theory of matter at small x: Color Glass Condensate 

Understood initial conditions in heavy ion collisions and early stages of 
evolution 

Goals: 

Turn study of high energy density matter into a precise science 

Understand from first principles in QCD, the high energy limit 

5 



Why is BNL a Good Place to Study QCD? 

RHIC 
QCDOC 

Strong theory groups: 
BNL,. Columbia, Stony Brook 

In both HEP and NP at BNL strong interest in 
theory and experiment 

New BNL lattice gauge theory group under Karsch 

Supportive atmosphere for young people 

6 



Relations 
QCDOC and Lattice Gauge Theory 

Joint Columbia-RBRC Project 
NT has Jung as Junior Faculty 
Karsch is head of lattice group 
(Petreczky joint with RBRC) 

Soni and Creutz 
SCIDAC project 

Spin and pQCD 
Vogelsang is tenured 

Kretzer a joint PD with NT 
Larry Trueman in HEP 

RHIC Physics 

Strong ‘collaboration with NT group 

7 
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Spin: 

S. Kretzer 

F. Yuan 

H. Yokoya 

RBRC Postdoctoral Fellows: 

High Density Matter-Phenomenology 

Y. Hatta 

T. Doi 

K. Fukushima 

K. lida 

T. Sugihara 

A. Mocsy 

Lattice : 

S. Ohta 

Y. Nemoto, J. Noaki, N. Yamada, T. Yamazaki 

K. Hashimoto 
9 





THEORY PRESENTATIONS 

63 





, 

Calculations of Cross Sections and Spin Asymmetries in 
Hadronic Scattering 

Werner Vogelsang 

65 





Calculations of cross sections and spin 
asymmetries in hadronic scattering 

Werner Vogelsang 
RBRC & BNL Nuclear Theory 

Exciting program with polarized protons underway at  RHIC: 

What carries the proton spin ? 
- 

1 1 
2 2 

= -AX + S A G  +- L - a 

only rJ 20 % ?? 
-P - -+ ?? 

1 
RHIC addresses the proton spin structure in new ways 
RBRC helps in major way to carry theory effort 
collaboration with BNL Nuclear Theory, High Energy Theory 

67 



. QCD spin physics theory in RBRC : 

Feng Yuan, Stefan Kretzer, Hiroshi Yokoya (PhD 03/05), WV 

some examples from past year : 
* single-transverse spin asymmetries in DIS and pTp 

Yuan, WV (to appear in PRD), Kouvaris, Qiu, Yuan, WV 

--sc * QCD soft-gluon resummations 
De Florian, WV PRD 71 (2005) 114004, PRD 72 (2005) 014014 
Shimizu, Sterman, Yokoya, WV PRD 71 (2005) 114007 

* analysis of fragmentation fcts. in e*e- and pp --+ noX 

* NLOQCDcorrectionsto pTp5 -+ ./rX 
Kretzer, Yokoya (in preparation) 

Mukherjee, Stratmann, WV PRD 72 (2005) 034011 

* NLOQCDcorrections to 76 3 7rX 
Jlger, Stratmann, WV (to appear in Eur. Phys. J.) 

0 “Spin plan” for DOE (02/05) 

* reviews all plans & prospects 
(will show some examples) 

* major participation of RBRC 
members, theory & exp. 

Review article “Study of the fundamental structure of matter 
with an eleCtr On-iOn coliider” A. Deshpaiide, R. Milner, R. Venugopalan, wv 

(to appear in Ann. Rev. Nucl. Part. Sci.) 

68 



$ 
measure 

calculate A 

+ learn about ! \r" 
The calculation is the theorist's 
needs: precision --9 higher orders in 

a 

RHfC offers good possibilities to pr 
1 Reacrion 
I 

*-?.+A- 
#--: + jet +S 

[67.73,74,75.76] 

@- DX, DS 

D o n  partonic process 

E-  YY 
?ii- q.9 

(as above) Ay I I 

A q , a q I  >--( I 

NLO corrections knowlr in all cases e 

69 



CaIculatioiis are already successfuf i . . 

40 

b o  
0 -20 
Q -40 

n 

E 20 

\ 

0 5 10 15 
h (GeV/c) 

Contributions by subprocesses 

I *  I&),? ,23, ] 2;8, , 3-0, ] 3;4 , , p.3 V!C I- A 
25 30 35 40 45 50 55 00 1 

0.8 I I ,  I I I I I I I I I I I I I I I ,  

________- - - - - -  .q = 3.3 
- ______- - - -  qg - _.__---- ____- - - -  0.13 

__*- - -  

0.4 - - 

,,._.._._.. ... 
0.2 - -\ - 

., ,_..... ..., . _,_.___,..._. .. ..- 
qq + qij + ... 

0 ' " ' " " ' " " ' " " ' "  
60 E, [GeV] 30 40 
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. PEfENlX Preiiminary (Subtraction) n- - 
- PHENIX Preliminary (isolation) vu 

h 

: lo: 1 

I 

0.5 

- 0  

-0.5 

Shadad box rapmsont. systamalic errors 

4 6 8 10 12 14 16 18 
p ~ (  GeVlc) 

10 -3 10 -' I 
10 -? -1.2 

Probed by 
pp collisions 
at RHIC ! 

++ 

x 1 

0 
5 10 1s p,r [GeVl 

z 1.2 

gluon polarization 

4 

F =y* jet, pion, w9 ... 

X' 
P 
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Resummation of important higher-order corrections beyond NLO dc Fluriati, WV 
71 (2005) 114004 

new terms lead $0 strong 
enhancement & 
improvement of theory vs. data 3 

Application to prompt photons: 

“direct ” contributions : 

pp i. ̂ ;x 

\ 

de ~~~~~~~, wv 
72 (2005) 014014 “fragmentation” contributions: 

a bit like n? production, 
but less gg-gg because 

g y is smaller 



de Florian, WV 

I , ,  . .  I . , . . 1 . , . . I . . . .  

0.0 
4 6 8 10 

PT (GeV) 

de Fiorian, WV 

102 

100 

10-2 

Exd3a /d3p  (pb/GeV2) UA6 
dS=24.3 GeV -0.2Sv41 

<=0.5 \ \. ' . . . . . . . . . 
' \  \ 

CTEQ6 , 
I . , , . l , , , , 1 , , , , I , . . ,  

3 4 5 6 7 8 

PT (GeV) 

* -  - - - - - - NLL(direct only) 

4 6 8 10 
1.0 

Pr (GeV) 

10-2 

10-4 

10-6 

10-8 

10-10 
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tremendous success of NLO at collider energies 

allows detailed understanding of spin asymmetries 
at RHIC 

at lower energies: resummation crucial 
helps to achieve quantitative understanding 
of pion and photon spectra 

75 





Global Analysis: Update of Fragmentation Functions 

Stefan Kretzer 
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Global Analysis: 
Update of Fragmentation Functions 

Stefan Kretzer 
Brookhaven National Laboratory & 

BROOKHAWEN 
N A T I  0 N A L LA H 0 K A T 0  KY 

RIKEN- BNL 

RBRC Scientific Review Committee Meeting 
October 10, 2005 



00 
0 

Global QCD Analysis in a.Nutshell 

Master Equation for QCD Parton Model 
- the Factorization Theorem 

J A A 

Hard Cross-section 

A 1 
Experimental 

Input 
I 

perturbative calculable 

Parton Dist. Fn. i 
Non-Pertur ative Parametrization at Q o  

W l E v o l u t i o n  to Q 



w S 
0
 

Q
 

Q
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Hadroproduction: pp - 7c X a t  200 GeV cms 
Fractional contributions from initial/f inal state partons 

Central Rapidity Forward Rapidity 

final 

t .  . . . . . . . . . . . . . . . . . . . . . . . . .  - . i  
0 2 4  6 8 10 12 

9 D 

D !J 



Averaae Scalinq Variables 

0 . 8  iJ Symmetric / 
L 

0 . 6 -  -- ---------: (2) asymmetric kinematics 
0 . 4 .  f o r  central f forward 

0 2 4 6 8  Large z fragmentation 

,-? Central 

-c- rapidity ^ ^ "  I_ - -  ~" Jxd = (22) Rapidity 0 . 2 -  _ -  

P?" [&tj 
. . ..(m) --- 

tQ 
W 

is probed. 
PDF$ are well known in (4 

(Xl) the relevant x range 



I Gluon Fragmentation in bbg %jet topologies I 
experimental Fragmentation Function 

LO QCD s c a h g  violak ions 

I LO I I NLO I 
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The parton model limit does not exist for fragmentation 

Hadron mass effects and 
del icately entwined. 

dynamical higher twists are 



Qualitative (dual) features: 

03 Heavier (light) hadrons come with a harder FF. (The low 
4 

scale evolution is cut-off .) 

Heavier hadrons are suppressed. (The virtual parton has 
t o  survive a multiple o f  its perturbative lifetime) 

0 Factorization will set in at larger pT for  massive 
particles: pT >> MA2 / z ! 
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Single Transverse Spin Physics-From DIS to Hadronic 
Collisions 

Feng Yuan 

89 
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(Single) Transverse Spin Physics 
-= from DIS to hadronic collisions 

Feng Yuan 
RBRC Brookhaven National 

Laboratory 

Qct. 10,2005 . RBRC Scientific Review 



What is Single Spin 
Asymmetry 3 

Consider scattering of a transversely-polarized 
spin-1/2 hadron (S, p) with another hadron, 
observing a particle of momentum k 

T' # k  
0 

0 
0 

Y 

The cross section can have a term depending on the azimuthal 
angle of k 



STAR Collabora 

SSA at RH1.C 
ion, Phys.Rev.Lett.92:171801,2004; hep=ex/0412035 

n m 

$ 0.4 
z oz 
Q 
m 

a s  

r 
- 0  o Total energy 

Initial state twist-3 
Final state twist-3 w -  

E 0.2 

3 
4 
U 

s‘ 
0.0 

{pT) = 1.0 1.1 1.3 1.5 j.8 2.1 2.4 GeVk 

Oct. IO, 2005 RBRC Scientific Review 



Nai've P rton Model Fails 
If the underlying scattering mechanism is hard, 
the naive parton model generates a very small 

- The only way to generate the hadron helicity-flip is 
through quark helicity flip, which is proportional to 
current quark mass 

- To enerate a phase difference, one has to have 
pQ 8 D loop diagrams, proportional to 

SSA: ( ) 

s 

0 Two ways to generate sizable SSA 
- Transverse momentum de 

- Twist-three mechanism (Qiu-Sterman) 
distributions ( 

Oct. IO, 2005 RBRC Scientific Review 



TMD Distribution: the definition 

Gauge Invariance requires the Gauge Link \ 

Octi 10, 2005 

(4 (b) (4 
I 

Brodsky,Hwang,Schmidt 02’ 
collins 027 

RBRC Scientific Review Belitsky.,Ji,Yuan 02’ 
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TMDs'at RHIC 

an: Siver <;tion has 
T DY =-qT USE! ofethe 

hanging dir 
3 

Di-Jet Correlation 
There is no factorization proof yet. It is 
likely factorizable in terms of TMDSm 
However, the universality of .Sivers 
function for this case is not clear yet. We 
assume they*are the same as DY. 

oct. IO, 2005 RBRC Scientific Review 



SSA for Drell-Yan 

0.1 5 

0.1 

0*05 

0 

I l l 1  till I I I I  

. 2  3 5 6 M(&V) 9 10 
___ 

Y 0 1 

Oct. 10, 2005 RBRC Scientific Review 
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Thermalization in the Color Glass Condensates 

Kirill Tuchin 
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Thermalization in the Color 
Glass Condensate 

Kirill Tuchin 

Iowa State University and RBRC 

In collaboration with D. Kharzeev and E. Levin 

1 



Modern picture of AA collisions 

Initial state: the Color Glass Condensate 
- Particle spectra, multiplicities . . . 

Final state: the Quark Gluon Plasma 
G - Elliptic flow, jet quenching . . . 
Pl 

What is the mechanism which evolves CGC into U P 

2 



kt 
Hydrodynamic models are 
successf u I if therm a I iza t io n 
time -t=OSfm. ”+- E 

c* - 

> 

c-l 
0 cn -t-l/(n-)-l f 

Why thermaizatian 
is so fast?? 

3 “Bottom-up thermalization”: a r r  
13/5 at=lla, Qs 

Baier, Mueller, Schiff, Son, 01 3 



Possible solutions? 

lities may speed up the thermalization process Plasma instab 

Mrowczynski, 88; 
Arnold,Lenaghan, Moore,03 

JHowever, -t is still very close to “bottom-up” estimate. 
G m 

Early isotropization may help explain v2 

Arnold, Lenag han, Moore,Yaffe,04; 
Rebhan, Romatsch ke,Strickland,04 

No thermalization from Feynman diagrams. 
Kovchegov, 05 
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Basic CGC 

.- 5 ;  
G I  

Q I  
C d I  
L I  

I I i ' Y  

: Y  
L o l O  I 1  

I 
I 333 

I I  
I I  

I 
I 
I I I . . .  

I I 

I thermalization I I  
I I  

I 

I I  
I I  I 

I I I  
I I 1  

>> At (Parton model) 2 1. Parton lifetime is 4 = k.' 1 / k ,  >> 4+1 
2. Fast partons are sources of the classical field. 

(McLerran, Venugopalan) 

5 



Properties of dense partonic system 

1. 2D density Q 2  S N xG(x,Qs)/hR,2 N l /xA 
is a hard scale increasing with rapidity y =ln(llx) 

Typical transverse size of a parton xL N UQ, 
decreases down the partonic ladder: 
The potential A+(X -X I r r S  X- - XiE) - A+(L,R_)  

Therefore, lEll = IH,I E z 

Even at small x, longitudinal electric field 
dominates the Lagrangian. 

6 



Early and later times 

2. Since evolution of fast partons is frozen in time, the 
color field E, of faster partons is constant at t=O. 

3. At later times the lightcone potential of the pointlike 
charge is A+-I/x-. 

We calculate particle production in an external time- 
de pen dent backg rou nd field. 

\o 

0 This calculation makes it possible to include 
non pertu rbative effects. 

Mode 
X- 

A+(z-) =-Eo 2 2 x -u  + 1  potential: 
7 
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Solution 
Equation of motion of the quantum field W P 

Can be solved in the WKB approximation 
for the function S = i lnVV 

Known solutions: 
J exact in Minkowski spacetime in constant field: 
Sauter (1 931); Weisskopf (1 936), Schwinger (1 951 ); 
J WKB in Minkowski spacetime in any field: Popov 
(1 972); 
J in WKB in Schwarzschild metric: Hawking (1973). 

10 



Lightcone coordinates 11 

z 

r r w 

x- 

sso I sso 2 
FIG. 3: Motion of a particle in the light-cone coordinates. We used (h€$-and ( b 2 i o  derive 
parametric equation x+z- = p l t  2 2  (assuming x+ 0 = x! = 0). At z+ < 0 the particle moves freely 

along the light cone x- = 0 until the point x- = x+ = 0 at which it tunnels along the line x- = x+ 

(Euclidean path, shown by dashed line) to a real trajectory at x+ > 0. At this point particles move 

along z+ > z- branch of the parabola, while antiparticles along the z+ < x- branch. 
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Summary 

We develop an approach to the particle production at 
high energy which incorporates the main idea of the 
CGC as well as the non-perturbative Schwinger-type 

. 

mechanism. 
0 Within this approach we r 

G 

- reproduce the McLerran-Venugopalan result at early times of 

- show that the particle spectrum is thermal at later times, when 

- argue that the transition time between the two regimes is short. 

the collision, when the fields are static; 

the fields rapidly oscillate; 

Our approach is applicable also to DIS. . 

13 





Quarkonia Correlators Above Deconfinement 
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Why interested in quarkonia correlators ? 
Tell about the modification o f  quarkonia properties in a hot medium. 

Efforts t o  identify deconf inement - experiments SPS-CERN, RHIC-BNL. .. 
- theory, phenomenology 
- lattice QCO 

* Screening prevents Uy binding above T, Matsui,Sa+z '86 

color screening length 4 size of resonance 

* Sequential dissolution - higher excitations melt earlier Digal, Petreczky, Satz '01 

Cornell potential 

T + 0 I We don't know. e.g. screened Cornell potential 

Agnes M ~ C S Y  



I Lattice QCD I 

* J/u,, qc survive - 1.5Tc & gradually melt by - 3Tc + masses don't change 

x c O ,  xcl dissolve - l.lTc 1 Datta, Karsch, Petreczky, Wetzorke '04 

* r b  unchanged - 2Tc & x b  at  - 1.15 Tc Petrov, Petreczky QM05 

Euclidean current correlator measured 
1 

0.8 

0.6 

0.4 

0.2 
Spectral function - w/ MEM 

Can quarkonia exist as resonances 
above deconf inement ? 

0 &5 li, 15 i 25 30 

J / w  artifacts 
ignored 

Agnes M6csy 

Datta e t  al '04 

2.25Ti - 



I 1 

I MOW t o  calculate correlators I 
* Model spectral function: bound states + continuum 

* Mass Mi, amplitude Fit radius Ri from Schrodinger equation w/ 

screened Cornell potential 
OR 

* Threshold s,(T) = 2 m,(T) = 2m + V,(T) 

* Correlator ratio: 
deviation from 1 sussests medium effects 

asymptotic value V,(T) 

Agnes M6csy 
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I I 

Datta et  a1 '04 1.8 
0.7h, 

1.1T, , l.sr, 

0.2 

Enhancement due t o  thermal shift o f  the continuum threshold - domintes I 

c 
8 
e! 

G! a 

Phenomenology vs. Lattice : 1P Scalar 
Scalar 

2.5- 

2.0- 

I .5- 

1 .o- 

&O 

0.0 0.1 0.2 0.3 

xco modified at -LITc 

5 - 

n l  " 
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 

I *  1 
r [fml 

2.5- 

1 .o- 
I .  I I 
0.0 0.1 0.2 0.3 0.4 

XbO modified at  N 1.13 T, 
I I 

Qualitative agreement w/ lattice. 

Correlator enhanced, even though Qualitatively - behavior, even though x b  

xcq state becomes neqliqible survives until much hiqher T than xr 
i 



cn 

I 1 
I Phenomenolocw vs. Lattice : 15 Pseudoscalar I 

1 .a5 

1 

0.95 
0 

1.3 

I .a 

Agnes ~ 6 c s y  

I Oatta ,et al '04 
I 

0.1 0.2 0.3 0.4. 0.5 
T Ifml 

0 0.1 - 0.2 0.3 

1.06 

1.04 

0.96 

0.94 

1 

I Petrov, Petreczky '05 1 
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 

r [fml 

Increase in correlators 

I I , 
0.0 0.1 0.2 0.3 

dfml 

I NO aareement w/ lattice. 
Contribution from continuum due t o  threshold reduction I 

I OroD at larae z in ?lh due t o  amditude reduction I 



Conclusions & Open Questions 
Quarkonia melting a t  Tc - proposed sign f o r  deconf inement challenged by 
lattice data - some quarkonia survives well above Tc 

First analysis of quarkonia correlators in potential mode 

T-dependence of the correlators not in agreement with trie lattice 

Increase in correlators - due t o  threshold decrease -- lattice doesn't see 

Tested w/ different potentials - 
no qualitative chanqes in the T-dependence o f  the correlators 

* Can medium effects on heavy quark boundstates be described 
by potential models? 1 

0.E 

* b o  we miss some physics on the lattice? 
0.f 

0.4 

I n fo  about continuum hidden in the lattice artifacts ? 0.2 

5 10 15 2 0 ,  25 30 

Agnes M ~ C S Y  
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Properties of the plasma created at  RHIC 

Denes Molnar 

- RIKEN/BNL Research Center & Purdue University 
- Ohio State University 

prepared for RBRC Rewiew 

Oct 10-12, 2005, RIKEN/BNL, Upton, NY 

RHIC “tittle Bang” 

quark-gluon plasma? 
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interactions at 
DM & Gyulassy, NPA 697 (’02): V z ( p ~ ,  Opacity) 

0.2 t I I I I I I+I STAR melim. (Filimonov, Nov ’01) T 

Au+Au @ 130 GeV, b = 8 fm 

MPC Au+Au @ 130A GeV duality .,-I 

-0.05 I I I I I 

0 .1 2 3 4 5 6 

PI [GeVI 

need 15x perturbative opacities - a,l x dNg/dq m 45 mb x1000 
dNcent 

7)  
(saturated gluon ,r.= 1000, T e f f  M 0.7 GeV, 7-0 = 0.1 fm, 1 parton -+ 1 7r hadronization) 

+- strongly-i~~teracting quark-gluon plasma (sQGP) 

RBRC Review, Oct 10-12, 2005 Denes Molnar - 5 



not ide 
Even ogg3gg - 50 mb is insufficient for ideal hydro (perturbative QGP: - 3 mb) 

DM & Huovinen, PRL94 ('05): 

0.3 

E 

ul II 
0.2 4-1 

00 
W 

a 
$-> 

cd 0.1 
3 

0 
0 0.5 1 1.5 2 : 2.5 3 

I -  

RBRC Review, Oct 10-12, 2005 

0 dissipation reduces v2 by 3 

0 in addition, it slows cooling 

was already seen in l+lD transport 
Gyulassy, Pang & Zhang ('97) 

also there in l + l D  viscous hydro 
Danielewicz & Gyulassy ('85) 

Denes Molnar - 6 
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DM: JPG 31 ('04): parton v z ( p ~ )  Laue [STAR] '04: decay electron D + fd*) e v data 

15 

I I I 
I MPC l!8.0, Au+Au 
200 GeV, b=8 fm 

A g  

i- s, 3 
e c,i?, high stat 

- 
u+d+ii+d 

T 1 

I I I I I 

0 1 2 3 4 5 6 

PT [Gevl 

significant charm equilibration in opaque plasma, 
charm '112 reaches light parton 212 above p~ > 2 - 3 GeV 

similar results from parton cascade ZPC Zhang et ai $05, Fokker-Planck approach Teaney et aI '05 

RBRC Review, Oct 10-12, 2005 Denes Molnar - 8 
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Lonclusi 

0 What we learned: 

- large elliptic flow observed a t  RHlC indicates a 

- but even 45 mb elastic parton-parton cross sections are insufficient to reach the 
ideal hydrodynamic limit + not ideal fluid 

- a t  such extreme opacities significant charm quark elliptic flow is  expected a t  
moderately high p T  > 2 - 3 GeV 

- also, initially soft partons can get accelerated to  surprisingly high p~ in multiple 
collisions energy loss is not the only mechanism that plays a role 

pen issues/Next steps: 

- map out parameter space - centrality, A, collision energy (LHC), bottom, ... 
- improve parton cascade - inelastic channels, coherence effects 

- compare to simpler limits - viscous hydrodynamics (Navier-Stokes), Fokker-Planck 

- combine with classical fields - QCD analog of plasma physics 

RBRC Review, Oct 10-12, 2005 Denes Molnar - 13 



ri e 

Ca\*af.Eam “Transport 
Boltzmann 1<->2,2->2 

G w 
Euler (ideal) hydro 3+1D 
Viscos hydro 2+lD. 3+1D 

1+fD Q4 
extend to 2+1D. 3+ID 
gauge theories Transport coefficients 

6 1  

establish an international collaboration for QCD transport theory 

RBRC Review, Oct 10-12, 2005 Denes Molnar - 14 
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Charge Transfer Fluctuations 
j 

/ 
, 

F 
f 

! 

Sangyong Jeon 
with Lijun Shi & Marcus Bleicher 

Physics, McGill 

RBRC 

as a QGP signal 



I
 

v) 
S

 
0
 

II 
m 3 

1- I
 

u 

LL L
 

Q
) 
II 
v) 
S
 

ro 

Q
) 

'IT) 

m 
S

 

L
 

w 

m
 

00 
0
 

m
 

0
 

m
 

0
 
\
 

c
 
0
 

a, 
c
 

S
 
0
 

a, 
7
 

c
 

h L
 

I
 

.- v
)
 

0
 

m 

cu 
\
 
.
 

n
 

a
 

Q
 

(3
 I n
 

a
 

k
 

0
 

II W
 

W
 

.
 

n
 

a
 

3 
W

 

n
 

W
 

[LI 
a. t
 

m 
.- L
 

Q
) 

Q
 

Q
 

m 

.. 
L
 

a, 
4
- 
0
 

t
 

m 
F a, 
0
,
 

m 
I: 

L
 

v 0
 

a
 

4
- 
0
 

t
 

0
 

.- m
 

a, 
L
 

U
 

m L 

3 8 
'
4

-
 

a, 
c
 

c
,
 

S
 

a, 
0
,
 

m 
c
 

u 
c
,
 

a, 
7
 

.- L
 

II 
n

 
a
 

W
 

L
 

a,- 

3 

a
 

4
- 
0
 

t
 
0
 

0
,
 

a, 

U
 

m 
Y

 
W

 
m Q

) 
c
 

c-, 

t
 

a, 
0
,
 

m 
II: 
W

 
w

 
a, 
7
 

.- L
 

L
 

3 

.- L
 

II 
n

 
a
 

Q
 

(3
 

W
 

Ill 
n
 

a
 

Y 
W

 

.. 
0
 
4
 

m > 
a, 
cn 

-
 L
 

8 

148 
. . . . ... . . . .. . .... ... 

. .... .. .. .. . 
. 

. . . 
. . . . . 

. . . . . . . . 
. . 

. 
.. 



e Suppose a neutral cluster R decays near y. 

- R -+ h+ + h- with a typical A y  = X 

- For each R decay, ~ ( y )  changes by &l Random walk 

charge correlation oc M Y )  Du(Y) 
dNchldY length. 

4 Y )  = 

-co 
3 
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Hadronic models > constant K; 

0.4 

0.2 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

- - 

- - 
RQMD, Cent., Semi-Peri. 

I I I I 0.0 

; -5 -4 -3 -2 - 1  2 3 4  

UrQMD, Central 6 %  

0.8 

0.6 
Y 



W
 
I
 

e
 

W
 
U
 C 

4 
I 

I
 

f 
:
 

1 
t 

t 
* 

1 
00 

\o
 

d
-
 

N
 

0
 

. 7 
0
 

0
 

0
 

0
 

0
 

e
 

"t3 
\
 

CL 

"t3 
2 F

 
"t3 
\
 

r: 

;=" "t3 

n
 

r
l 

I 

W
 

?- I~
 

CY 

II 
"
 

n
 

G
- 

Y 
u
 



Q
) 
u S

 
cp 
I
 

0. 
Q

) 
u u cp 

a k cn W I 

v
)
 

c, 
S

 
v
)
 

a, 

c, 
c
 

a, 
c
 
0
 

- L
 

E 0 u .- 3 0
 

U
 

m 
I
 

1
 

.. . ... ... 

T
- 

II ?
- 

I{ 
-

. 

L
I)d

-rn
c

v
F

 L
I
)

d
-

r
n

c
V

~
O

 
0
0
0
0
0
 0
0
0
0
0
0
 

31 

153 
_. .__._ 

.... 
... 

.- 



Q
) 
u t 
m w

 
Q

 
Q

) 
u u c13 

n! I- v) 

I n
 

W 0
 

+ W I 

a 

I 
"

]
'

"
"

"
"

"
"

'
]

'
"

'
 

7
 

0
 

x 
0
 

I
.

,
,

]
,

,
 

C 

I t I 
O

t
 

f
i
 

,I. 
. 

, 

2
 

x 

I I I 

154 
-- 

.. .. 
..... 

... .... 
-. 

. .. . . .. 
. . 

.. ... . . 
.. . .. 

... 
. . 



Conclusions 
Charge transfer: u(y) = (QF(Y) - Q B ( Y ) ) / ~  

K(Y) (Au(y)*)/dNCt-,/dy: A measure of local charge corre- 
lation length => Captures inhomogeneity 

QGP may be created in a small region around midrapidity. 
As collisions become more central 

- Large acceptance: K ( Y )  develops a dip in the middle 

- Small acceptance: ~ ( 0 )  becomes smaller faster than K(Y* )  
,=> Flattening 

0 Net baryon transfer fluctuation. Net strange transfer fluctu- 
ation 

9 
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Effective action for high energy 
QCD with the Pomeron loop 

Yoshitaka Hatta (RBRC) 
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Bal its ky-Kovc heg ov- J I M W LK eq u a t ion 

Dressed propagator 

Intended for dense-dilute scatterings. 
Saturation a t  fixed impact parameter. 
Total cross section still violates the Froissart bound. 



Beyond the B-JIMWLKA2 equation 

An evolution equation with all possible reggeon number 
changing vertices describes both the gluon recombination 
and the gluon multiplication, namely, Pomeron loops. 



I I Kernel of the evolution equation 
t;: w A- A- 

The complete kernel which contains Pomeron loops 
must be self-dual, Le., invariant under A+ ++- . 

(Kovner&Lublinsky,05) 

S 
SA+ 



Construction of the effective action 
The total gauge field A' + a' + 6A- 

classical semi-hard soft 

+ 
exp(iSeff [A ,  6A]) = 6' Da exp(iS,, - iJP A P + is,) 

A+ 

x 
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Summary 

0 

0 

0 

B-JIMWLKA2 equation misses Pomeron loops. 
Necessity to construct a self-dual kernel. 
We constructed an important contribution to the 
complete kernel by combining the CGC and the 
effective action approaches. 
There are other diagrams still to be calculated to 
obtain the complete kernel. 
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Feedback effects on the pairing interaction 
in color superconductors 

Kei Iida (RJKEN BNL Research Center) 
presented by Kenii Fukushima 

Contents 
1. Introduction 
2. Gap equation in weak coupling 
3. Gap equation with feedback effects 
4. Ginzburg-Landau theory: strong coupling corrections 
5. Conclusion 

Reference 
KI, hep-ph'0507 16 1 (to appear in PRD). 

Introduction 

QCD phase diagram Ultrarelativistic 
- heavy-ion collisions 

Color 
superconductors 

Hadronic matter 

1 GeV ? 

Baryon chemical potential 

Crucial features of color superconductors 
su$ernuiaity 

-presence of a condensate of quark Cooper pairs and superfluid baryon density,(n,) 

Color Meissner effects 
- transverse color fields screened in a spatial scale of order 

the London penetration depth - (p I 

17 1 



Intioduction (contd.) 

What happens if quark matter occurs in compact stars 

Possible color superconductivity - strong coupling regime 

How is the feedback correction to the weak coupling pairing gap? 
A 

Study of this correction is limited to the case of zero temperature 
[order-of-magnitude estimates by Rischke, PRD 64 (200 1) 0940031. 

Focus of this work 

Feedback corrections near the transition temperature 
- dominated by the color Meissner screening of the long-range magnetic force 
- altering the gap magnitude in a different way among different phases 

Introduction (contd.) 
System 

massless quarks of uds flavors and RGB colors 
Fermi momenta common to all colors and flavors 

Cooper pairing between quarks 

parity chirality J color flavor 
even LL,RR zero antisymmetric antisymmetric 

On-shell gap at relativepair momentum lkl=k, 
a, b: colors of paired quarks 

@+ = EaicSg (a, >I ij: flavors of paired quarks 
d,: complex vector in flavor space . 

Two optimal states 
Color-flavor locked (CFL) state 

di-dG=d*,*d,=di .d ,  = O ,  Id,/=ldGI=ldB 
i 

-2 flabor color superconducting (2SC) state 

dR 11 dG ItdB 

172 

(“isotropic”) 

(“anisotropic”) 



Gap equation in weak coupling 

Gluon propagator (in Landau gauge) 
For Ipo I (( IpI (( p (forward scattering), 

1 8n2 

Landau damping (no static screening) 

Gap equation for 2SC near T, 

5 g + o(dF),  = - 
3&n 

+ Cf. The CFL state is more favorable than the 2SC state in weak coupling. 

Gap equation with feedback corrections 
A 

Gluon propagator near T, (in Landau gauge) 
For lpol <( bl p (forward scattering), 

IpI a T, (London limit) 
IpI N T,  (Pippard limit) 

+.{ lY 
3n4T,/14<(3)lpl, 

Cf. The gluon momenta p of order T, are most important for the feedback effects. 

173 



Gap equation with feedback corrections (contd.1 

2SC 
Meissner mass color pairing force 

Meissner screening 

CFL 
Meissner mass 

~ 4-7 

to leading order in g, the 2SC gap of (1 - C./2)-''2, C = 0.409.. . 
Feedback effects near T, 

Ginzburg-Landau theory 

Ginzburg-Landau free energy 

Ref. Iida & Baym, PRD 63 (2001) 074018; 66 (2002) 059903(E). 

1 ase diagram near T, 

0 

Fbst order 
transition 

CFL 
,Weak coupling 

Strong coupling corrections 

Corrections are of order 
log1@ / Tc) rather than Tc/p 
as encountered in 3He. 

174 



Conclusion 

The feedback role that the gap dependence of the pairing interaction plays in the gap equation 
for color superconductors near Tc 

dominated by the color Meissner screening of the long-range transverse force 

increasing the 2SC gap, while decreasing the CFL gap 

complicated color dependence of the Meissner-screened pairing force 

leading to strong coupling corrections to the parameters characterizing 
the fourth order terms in the Ginzburg-Landau free energy 

of order g-log-lb /Tc) due to the long-range nature of the pairing force 
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Phase Structure and Instability 
in Dense Quark Matter 

Kenji Fukushima 
(RIKEN BNL Research Center) 

Ref: K.Fukushima hep-ph/0506080 to appear in PRD 

October 2005 



Simple Questions 

What happens eventually when matter is 
heated and heated ? 

11- Quark-Gluon Plasma 
G in Relativistic Heavy-Ion Collisions 
0 

What happens eventually when matter is 
squeezed and squeezed ? 

11- Color Superconductor 
in the cores of compact stellar objects 

October 2005 
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Cooper Pairing Pattern 
Diquark Condensate 

'ai OC %By E ijk (v P j  i y5 C-T) v y k  

Anti-symmetric in Color (attractive in OGE) 
Anti-symmetric in Flavor, Positive Parity (energetically) 
Anti-symmetric in Spin 

E w 

' d s  

ru - gd gd -bs bs - ru 
gu - rd bd-gs  rs - bu 

October 2005 
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Effect of Non-Zero M S 

M S # O  

JP2+M,2 - P  
\ 

M 2  S ru-  

Fermi Surface Mismatch 
-p+M 

October 2005 

E 

s quark 

u or d quark 



Gapless Superconductor 
Gaple s s dispersion appears 
when 6,u > 2A 

CFL 
v 

E gapless CFL (gCFL) 

This happens for Ads pairing, 
which makes Ads disfavored. 
Ads vanishes first + uSC 

Unstable??? 
October 2005 



Phase Structure 

High Density Low Density 

October 2005 
M: / p  [MeV] Fukushima-Kouvaris-Rajagopal(’O4) 
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Chromomagnetic instability in three-flavor 
quark matter has been analyzed. 
Meissner screening mass for respective gluons 

P has been calculated. 
w 

gCFL is not stable at all! 
uSC and 2SC have unstable regions. 
Unstable regions are mapped onto the phase 
diagram including (g)CFL, uSC, (g)2SC. 
Phase boundaries toward the LOFF states. 

October 2005 
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Charm mesons with DWF quarks on a quenched 3 GeV lattice 
HueyWen LinT Shigemi Ohta! and Norikazu Yamadas ’ [RBC collaboration] 

Abridged from SO’S talk in September 15, 2005, Computational Hadron Physics Workshop, University of 
Cyprus, Nicosia 

Preliminary report on RBC spectroscopy calculations on a DBW2 quenched gailge ensemble, 

t;t 0 at lattice cutoff u-l of about 3 GeV, 
Ln 

0 all the quarks represented by domain-wall fermions (DWF), 

0 D and D, mesons with J p  = 0-, 1-, O+ and 1+: 

- masses well reproduced to within a few %, 
- splittings A J between parity partners over estimated by 10-20 %, 
- only 60-65 % of hyperfine splittings reproduced, 
- 0- decay constant fo within experimental error and f ~ ,  encouraging. 

0 charmonia analyses exist as well, with J p  = 0-, 1-, O+ and I+ (but not today,) 

*Physics Department, Columbia University, New York, NY 10027, USA 
h s t .  Particle and Nuclear Studies, KEK and Physics Department, Sokendai, Tsukuba, Ibaraki 305-0801, Japan 
tRIKEN BNL Research Center, BNL, Upton, NY 11973, USA 
%st. Particle and Nuclear Studies, KEK and Physics Department, Sokendai, Tsukuba, Ibaraki 305-0801, Japan 



1 

Charm as DWF: originally investigated for kaon matrix elements with “charm-in” using DWF. 

0 Nori pushed it further for test of various heavy quark schemes, and D and D, meson spectroscopy. 

0 HueyWen is pushing a relativistic scheme under supervision by Norman Christ. 

c-r 
\o m 

Here we use a combination of DWF quark and DBW2 gluon actions: 

0 DWF (domain wall fermions) preserves almost exact chiral symmetry, and 

0 DBW2 (“doubly blocked Wilson 2”) action improves approach to the continuum. 

The combination allows us to have 

0 good chiral behavior, ie. close enough to the continuum, and 

0 sufficiently large volume. 



2 

Recent discoveries of D and D, meson excited states provide an interesting target for DWF charm. 

Mass: 
charm-nonst range 

J P  mass (MeV) 
D*(O-) 1869.4(5) 
D**(1-) 2010.0(5) 

\o CI D;(O+?) 2308( 17) (15) (28) 
D;(lf) 2427(26)(20)(15) 

4 

Splittings: 

charm-strange 
J p  mass (MeV) 

0,’ (0-) 1968.3 (5) 
D**(l-?) 2112.1(7) 
D$(O+) 2317.4(9) 
D:.f(lf) 2459.3(1.3) 

between parities A, J “hyper fine” Ahf 

light quark Of - 0- (MeV) 1+ - 1- (MeV) light quark 1- - 0- (MeV) If - O+ (MeV) 
S 349.1 347.2 

u d  439 417 
S 143.8 141.9 

u d  140.6 119 
0 insensitive to J ,  Aqo - Aql, 

0 rnl dependent, &d > a,. 
0 independent of rnl or parity. 



3 

Model studies: 

0 Before the discoveries, Bardeen, Eichten and Hill' predicted this 

- based on their s U ( 3 ) ~  x s U ( 3 ) ~  symmetry for heavy-light systems. 
- AJ N 350MeV is weakly dependent on the heavy quark mass: AJ = A J(mheavy). 

- A Goldberger-Treiman like relation in the pion emission from the positive-parity states, gT = A J/ fT. r 
a 00 

0 Afterwards, Nowak, Rho and Zahed2 made similar prediction from a different view point. 

0 Becirevic, Fajfer and Prelovsek3 discussed AJ dependence on the light quark mass, 

- found A u d , ~  > A,,J is difficult to understand. 

IW. A. Bardeen, E. J. Eichten and C. T. Hill, Phys. Rev. D 68, 054024 (2003) [arXiv:hep-ph/0305049]. 
2M. A. Nowak, M. Rho and I. Zahed, Acta Phys. Polon. B 35, 2377 (2004) [arXiv:hep-ph/0307102]. 
3D. Becirevic, S. Fajfer and S. Prelovsek, Phys. Lett. B 599, 55 (2004) [arXiv:hep-ph/0406296]. 



4 

Earlier lattice works: 
0 Peter Boyle (UKQCD)4 was the first to study these and other related states on the lattice. 

- Wilson gauge action at ,B = 6.0 and tadpole improved clover. 
- Hyperfine splittings scale well, lying significantly below their experimental values. 
- Overestimates A J? 

0 NRQCD (J. Hein et 
- ~2 fm boxes at ,8 = 5.7 and 6.2. 
- Overestimates A J .  

P 
0 Gunnar Bali': 
- confirms earlier overestimates of AJ: (450-500)fSO MeV? 

0 MILC (M. di Pierro et al.)7: Fermilab heavy quark and MILC sea, 
- similar over estimation of A J seen. 

0 UKQCD (A.M. Green et al)': static heavy quark 

- Quenched and two-flavor dynamical configurations. 
- Weak dependence on light-quark mass? 

4P. Boyle [UKQCD Collaboration], Nucl. Phys. Proc. Suppl. 63, 314 (1998) [arXiv:heplat/9710036], 
5J. Hein et al., Phys. Rev. D 62, 074503 (2000) [arXiv:hep-ph/0003130]. 
6G. S. Bali, Phys. Rev. D 68, 071501 (2003) [arXiv:hep-ph/0305209]. 
'M. di Pierro et al., Nucl. Phys. Proc. Suppl. 129, 328 (2004) [arXiv:heplat/0310045]. 
*A. M. Green, J. Koponen, C. McNeile, C. Michael and G. Thompson [UKQCD], Phys. Rev. D 69, 094505 (2004) [arXiv:hep-lat/O312007]. 
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Advantages of domain-wall fermions (DWF) : 
1 eiOO 

0 Describes light-quark chiral symmetry well: le-02 2 
0 (a)  error exponentially suppressed. - Srd le-04 ':' ':--- --. c-- 

- - - _ _ - -  - _ - -  - -  
0 Describes charm propagation on the lattice: 1 e-06 

mheavya N 0.4 - 0.5 still pegged. 

0 Present calculation: 

N 0 - quenched DBW2, 
I-' 

- ,6' = 1.22, a-l N 3GeV, 
- L, = 10, A45 = 1.65, 
- 243 x 48 x 10 (N (1.6fm)3) volume, 
- "IlightU = 0.08, 0.016, 0.024, 0.032, and 1 le-02 eiOO i j  

1 e-04 m,a=O .7 

1 e-06 

0.040, 
- rnheavya = 0.1, 0.2, 0.3, 0.4 and 0.5, 

0 1 2 3 4 5 6 7 8 9  
- 103 configurations. S 

Allow explore both quark-mass dependences and As&, degeneracy. 

6 
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8 

Scales : 

0 known from previous RBC works12 are, 

- lattice cutoff a;' = 2.914(54) GeV set by mp, 

- strange mass: m,a N 0.030 set by m ~ .  N 
0 w 

0 charm mass: using the above and one of the following known meson mass, 

- D,(O-): results in m,a = 0.35965 we use this in the following, 
- qc: 0.35595, 
- J /$ :  0.37048. 

Quenched systematics are of course expected. 

12Y. Aoki et al., arXiv:hep-lat/O508011. 



9 

Ds meson mass: preliminary results are 
J p  experieinnt (MeV) this calculation (MeV) 

D:(O-) 1968.3(5) 1968.3 (input) 
D**(l-?) 2112.1(7) 2055(6) (2.7% under) 
D$ (O+) 23 17.4( 9) 2380(30) (2.5% over) 
0:: (1') 2459.3( 1.3) 2460 (40) (0.03% over) 

in reasonable agreement with the experiments. 
N 
0 
*. 

Parity splittings: 

0 aslo = 410( 30) 

ASl, = 380(20) 

MeV, 18% over estimate compared with 349 MeV experiment, 

MeV, 10% over estimate compared with 347 MeV experiment, 

statistically degenerate and seem better than earlier lattice calculations. 

Hyperfine splitting: about 87(6) MeV, reproduces about 60% of the 144 MeV experiment. 



10 

o.2 

To summarize quark masss dependences of parity splittings: ' ~ 1  'H4DO1' tisirig 1 J 5 

0.18 

0.16 

0.14 

0.12 

0.1 

0.12 0.14 

'H3D01' using 1:2:3 - 
0.18 

0.22 

0.2 

0.18 

0.16 

0.14 

I 

I I 

0 . 1 '  " " " " ' 
0 0.0050.01 0.0150.020.0250.030.0350.040.0450.05 mheavya = 0.4 0 0.0050.01 0.0150.020.0250.030.0350.040.0450.05 mheavya = 0.3 

' 'H2DOl' using 1:2:3 - 
'H2DI)l '  usinq 1 4 5 

0.24 

0.22 

0.2 

0.18 

0.16 

' 'HiDOl'using 1:2:3 -- 
'HlDOl [!sing 1 1 5 . 

i 
1 

I 



11 

D meson mass: extrapolate from mlighta = 0.040, 0.032, and 0.024, and 0.016 and 0.008 if possible. Preliminary 
results are 

J p  experiment (MeV) this calculation (MeV) 
D*(O-) 1869.4(5) 1876.7(1.2) (0.4% over) 
D**(1-) 2010.0(5) 1968(2) (2% under) 
D,*(O+?) 2308(17)(15)(28) 2362(20) (2.5% over) 
Di(l'> 2427(26)(20)(15) 2455(17) (1.2% over) 

again in reasonable agreement with the experiments. 
i\l 
0 m 

Parity splittings: 

0 As,o = 487(20) MeV, 11% over estimate compared with 439 MeV experiment, 

0 A,,, = 490(17) MeV, 18% over estimate compared with 417 MeV experiment, 

st at ist ically degenerate. 

Hyperfine splitting: about 91(2) MeV, reproduces about 65% of the 141 MeV experiment. 



12 

(vacl At JP) Pseudoscalar meson decay constant: fp = 
m P  ' 

AtP 
Apoint-wall 

/-- We' use a ratio 

0.1 

0.095 

0.09 

0.085 

0.08 

0.075 

0.07 

0.065 

0.06 

0.055 

0.05 
0 5 10 15 20 25 30 35 40 45 50 

We obtain bare values of 
fo, of 0.0742(21) or 216(6) MeV by interpolation to  KQstrangeU = 0.030 and m&a,mU = 0.360 

0 fo of 0.0696(7) or 203(2) MeV by linear extrapolation, or 

0 fo of 0.0717(7) or 209(2) MeV by quadratic extrapolation. 



.. 
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14 

Summary: we are studying charm-light systems with DWF and u-l N 2.914(54) GeV gauge ensemble. 

0 DWF seems able to describe charm on quenched DBW2 ensemble at this cutoff, 

0 With mstrangeU = 0.030 and m c h a r m a  = 0.36, 

- J p  = Of and I* D and D, meson masses are well reproduced to  within a few %, 
- parity splitting, AJ, are better reproduced than previous works, with only 10-20 % over estimations, 
- experimental observation of Aud > A, is reproduced, 
- hyperfine splittings are only 60-65 % reproduced, 
- decay constant calculation on going, f-0 within experimental error and f ~ ,  encouraging. N 

0 
rD 

0 J=O and j = l  are degenerate for 'LQheavy > 0.2-0.3, 

AJ=, increases as mheavy decreases further, while 

A J=I seems not to increase so much (supported by Kl(1270) - K*(892)), 

Future: 

0 finalize the analyses (all the numbers above are yet preliminary), 

0 would be interesting to check the Goldberger-Treiman relation, gn = A/ fn. 
- perhaps requires a better, relativistic scheme than this brute-force approach. 
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Electromagnetic properties of hadrons 
with two flavor dynamical domain wall 

fermions 
T. Blum (RBRC and Univ. of Connecticut), 

in collaboration with 



Introduction 

EM properties of hadrons offer rich source 
of interesting/ important phenomena. 

P I I Mass splitting: T+ - - +5 MeV, K+ - K* - -4 MeV, I 
p+ - -  0 MeV, p - n - -1 MeV, e . 

rp+ - rpo . * r(' -+ hfidrons) 4 G(e+e- -+ hadrons) in g - 2 
light by light in 9 - 

Previous work: 4 
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Combining Q f D  to QCD 

QCD 4 QCD+QED theory, 
in continuum, = + i g 4  qcd+i&qed em 

I 

Use Uqcdxcm to solve valence quark propagators 



Comments on T O  

QED breaks Isospin symmetry. 1 
I 

#-singlet mixing: 
The effects start from O ( C X : ~ ) .  -j- ignored 

Disconnected diagram : 
( P3(t)  P3(0> } and ( A$@) Ai(0) ) receive a contribution from 

Whik we can estimate the disconnected diagram ~ x ~ J j ~ ~ ~ ~ ~ ~  we 
it at the  p r ~ ~ e h t .  



Effective mass plots 

t c 
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Chiral extrapolation 

ChPT + functional form in chiral extrapolation 
We have data only at three dynamical points (mvalence - - msea). 

-*rlc- 

N 
N 
N 

We fit data to linear functions of quark mass, 

n): mfo = Neutral 
(N 
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Systematic errors 

Absence of disconnected diagrams 
e Finite volume effects 

Model estimates suggest about 10 % increace fur How 
about others? 

a Scaling violation 

a Quenched QED and dynamical strange quark 



Summary 

Conclusion: 
e Determinations of quark masses by EM splitting are 

examined in dynamical DW QCDt-QED. 

E Future: 
a Mesons consisting of non-degenerate quarks 

more realistic determination 
I) Study of systematic errors 
a Vector mesons and baryons (Doh Talk) in progress. 
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Quarkonia correlators and spectral functions at T>O 

RBRC and Physics Department 
I Peter Petreczky 

Lattice 
I I 

Q 
Charmonia and bottomonia spectral functions 
from lattice, 
A. Jakovac, P.P., K. Petrov, A. Velytsky, hep-lat/0509138, work in progress 

Transport of heavy quarks in QGP, P.P. and D. Teaney, hep-ph10507318 



I Charmonia correlators and spectral functions I 

1.05 - 1s 

SC, p=6.1 
2 

.8 

.6 

.4 

.2 

1 

I P  

C 
8 
L 

a 8 
0.9 

0.85 

0.8 I 
0.05 0.1 0.1 5 0.2 0.25 0.3 

T rfml 

0.05 0.1 0.15 0.2 0.25 0.3 
T Mml 

N w 
N no change in a ( w , T )  e I G(r ,T ) /G(r ,T  = 0 )  = 1 I 

SC, p=6.1 PS, p=6.5 
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350 
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60 

2.04T, - 1 
300 

$ 250 
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100 
50 

N 1s I P  N 
3 
3 

40 

20 

0 
5 10 15 20 25 30 

w[GeV] 
2 4 6 8 10 12 14 16 18 20 

o[GeV] 
in agreement with Datta, Karsch, P.P., Wetzorke, PRD 69 (04) 094507 



Bottomonia correlators and spectral functions 

i o?r, ' a 7 3  

6 -  
8 * 1.15T -e- 

1.51TC A ' - 
2 IC $ c 

4 1.84$ v - 5 -  * 
?j 4 -  

E x 3 -  

25 

4 i 

5 . * .  b 
2 -  

B l A  a 
I r r E . i t & . r e t u @ r r a r  

0 ,  

I S  states are dissolved only at T > 3Tc 1 P states are dissolved at T 1.15% 
expected X b  survive till 1.5Tc 

A. Jakovac, P.P., K. Petrov, A. Velytsky, hep-lat10509138 

0.96 0.94 3 
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I Vector correlator and heavy quark d i f f m  

1 .I 

1.05 

h 
Y r 1  

H 
(I 

QL 0.95 5 
5 0.9 

0.85 

Pseudo-sca lar ( qc) I S  charmonium states 
survive .1 Vector ( J / $ )  

N 
W 
fs  0.8 

0.05 0.1 0.15 0.25 0.3 
7 [f:] 

1.1 

1.05 - 
*B 

3 v l - $ B  
C 0 

E 
C9 0.95 - 

s 
0.9 - 

0.85 - 

Vector current is conserved --+ fluctuations of charm number1 

Effective Langevin theory 
T 1  y) = -- . 
M D  &Ne+ DD2Nc = 0 

P.P. and D. Teaney, hep-ph/0507318 

Interactions t 
Free streaming :Collision less 

1 Botzmann equation 
- 

RHIC : large transport of heavy quarks 
should be seen in the 
lattice correlator 

D ~ l / ( 2 r r T )  
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Isospin Breaking of Baryon Masses from Lattice QCD 

Takumi Doi 

235 





Spin 312 pentaquark from lattice QCD 

Isospin breaking of baryon masses 
from lattice QCD 

N W 4 
Takumi Doi (RBRC) 

(I) In collaboration with 
N.lshiil, Y.Nemoto*, M.Okal, H.Suganuma3 

l(Tokyo Inst. of Tech.) 2(Nagoya U.) 3(Kyoto U.) 

(2) In collaboration with 
T.BI uml g2, M .Haya kawa3,T.lzu buc h i 2 g 4 ,  N .Yamada5 

'(Univ. of Connecticut) 2(RBRC) 3(RIKEN) 4(Kanazawa U.) 5(KEK) 
1011 0/2005 taik@RBRC Review Committee 1 
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Decay to NK is suppressed by Dmwave 
c.f. N+K* = 1.83GeV, K+A= 1.73GeV(I#O) 

Large centrifugal barrier 3 narrow width + If JP=3/2 Y.Kanada-En’yo et al. hep-ph/0404144 
R.L.Jaffe et al. hep-ph/0408046 

I LS-partner of JW model T.Shinozaki et al. hep-ph/0409103 

I Decay to NK is p-wave 
10/10/2005 talk@RBRC Review Committee 3 



The difficulty in Lattic 

N+K: 1440MeV 

111 Difficult to seDarate @+ from 
two particle scatter- 

I t  is difficult to extract excited state signal 
besides ground state signal 

10/10/2005 
t J 

talk@RBRC Review Committee 4 



m Volume dependence and 

-Momenta are discretized ! 
Periodic BC (PBC) + pi=2nix/1 

m Anti-periodic BC (APBC) + pi=(Zni+l)x/L 

PBC HBC 
I u-auark I PBC I APBC 
d-quark PBC APBC 

I s-quark I PBC I PBC 
I N (uud,udd) 

5 
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ctive mass for Jp=3/ 
twisted- NK*-type 

4 .  

I diquark-type I 
4 . 5  

I I I I S  I I I , I  # I  

35  4 0  takk(@RBRC. Review Committee 7 



C analysis for J '= 3/ 2 ( -) 

Standard(Periodic) BC Hybrid BC (HBC) 
3.5 

R 

- 4 0  45 0 5 10  1 5  20 25 3 0  35 40 45 - - - - - - - 

J"P = 3/2(-) 
t [at1 

Considering the energy shift of 

2.5 2.5 

I PBC-.) HBC, the plateau is I NK*(s=wave) scatt. state. 
I I f I I I I 
0 1 2 4 5 6 

L &l] taIk@RBRC Review Committee 8 



Chiral extrapolation (JP=3/2(-/+)) 
3/2(+) 

_ _ 7  _ _ _ - _ ^  _ _ _ _ _ _ _ - -  

NK (d-wave ) 
NKf (s-wqve) 

" L."_ 1- - _Î - 

1 0 0.5 1 0 0.5  
2 m,, 2 [GeV'] m, [GeV'] 

N K*-type: M(5Q)=2.17(4)GeV M( 5Q)=2.64(7)GeV 
twisted NK*-type:M(5Q)=Zm1 I (4)GeV 
diq uark-type: 11111 . M (5Q)=2.42( 6)G eV 

M(5Q)=2.48( 1O)GeV 

I We find no light low-lying 5Q I state for both of Jp=3/2(-/+) 
IO/ 10/2005 taIk@RBRC Review Committee 9 



Isospin breaking of baryon masses 
from lattice QCD 

Takumi Doi (RBRC) 
' I  

(2) In collaboration with 
T.Blum1g2, M.Hayakawa3,T.lzu buchi2g4, N .Yamada5 

'(Univ. of Connecticut) *(RBRC) 3(RIKEN) I 4(Kanazawa U.) 5(KEK) 
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N 
f 

N Isospin breaking of hadrons is related to important 
physics in QCD/QED. 

Mass sdittina: I d 

II n+- 7 ~ -  = +4.59 MeV 
II K+ - KO= - 4.00 MeV 
II D -  n = - 1.29 MeV 
[Origin]: QED + (mu - md) 

I One of the longstanding problem I 
._ -. 

QED: p > n 
QCD: p e n 
Gasser-Leutwyler(82) 

I) quark mass + strong CP problem ? 
Vacuum polarization contribution in muon 9-2 

1 O/ 10/2005 taIk@RBRC Review Committee 11 



I Quenched QED + unquenched QCD 
A. Duncan, EEichten, H.Thacker, PRL76( 1996)3894 ' 

- 1/4e2 X(apAEm - &Ap e m  ) 2 
N H QED configs: Sem - 

I quenched non-compact QED .b 
00 

Free theory, no run in coupling, no autocorrelation 

I QCD configs: 
I Nf=2 dynamical domain-wall QCD 

good chiral symmetry (RBC, hep-lat/0411006) 
DBW2 gauge action, beta=0.8 

I a-l=IB7GeV, V=163X32(x12), mu,md=l/2ms-ms 

10/10/2005 taIk@RBRC Review Committee 12 



lation function 
o point correlation function C & J ~ ( I C ) J ~ ( O ) )  

with QCD+QED propagator 

I Note: in order to obtain the first order isospin 
breaking to the mass, it is not necessary to 
include the isospin breaking in the wave function. 

R Charge dependence is analyzed with 
a 

e -  - 0, 44~/137(= 0.3), (0.6), 1.0 

where QU=+2/3e, Qd=-1/3e 
10/10/2005 taIk@RBRC Review Committee 13 



xtract the mass difference 
I We focus on the mass difference directly. 

tu cn 
0 

H Il(proton) = A, exp(-m, t) 
H II(neutron)=An exp(-mn t) 

I R= n(proton>/n(neutron) 
R* (I+ 6A) + t , (6A=(A -A )/An) 

related to 
P n  

I The slope o f t  
the proton-neutron mass difference 

II Statistical. fluctuation is expected to be canceled 
in the ratio, which improves S/N 

10/10/2005 taIk@RBRC Review Committee 14 



l.02/ * 
i: s 

1 . .  zI ........ '& ._ ....... 4 ....... !4 ..... ~ 5 . p.. . ...... ........... 
j € 

1 :: ! =  
1 0.91 ' I '  I '  ' I ' I '  I '  ' 

0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
ble(El&l)  

0 

The negative slope corresponds 
to m(proton) > m(neutron) 
from the QED effect (m,=m,) 

I , , , , , , I: , :  , :  +.I I 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

itkns(==bl) 

1 [rescaled to Q=physical] 

10/10/2005 

The results from different Q 
agree with each other 

(relative error is 
smaller for large Q) taIk@RBRC Review Committee 



Proton neutron mass 

2 

I .5 

P 
I 1  
t 

I b 

1 I 
0.2 01 0.8 0.8 7 

ChrgaWQ 

The lattice result indicates 
proton > neutron (QED) 

c.f. Cottingham formula: 
M(p)-M(n)(QED)= 0.76MeV 

Quark mass difference is 
expected to flip the inequality 

0 . 5 ~  0 0 0.01 0.02 quark 0.03 m l y  0.04 0.05 0.06 

M ( p)- M (n) NO. 5- I. 5 MeV 
I 
I (very preliminary) 

Finite volume artifact 
proton e neutron 

10/10/2005 
could be large 

taIk@RBRC Review Committee 16 



S'u m ma ry 
Pentaquark study 

We have studied @+ in Jp=3/2(+/=) channels as well as 
Jp=1/2(+/-) with clover fermion on anisotropic lattice using 

3 i P 

sive states 
- Jp=3/2(=): m=2.1 -2.2GeV Jp=3/2(+): m=2.4-2.6GeV 

HBC method has found no compact 5Q resonance. 
Future: Multiquark state physics, Other exotics 

Isospin breaking study 
We have studied the QED effect on baryon masses from 
quenched QED + Nf=2 dynamical domain wall QCD. 
- Focusing the isospin breaking is 

- Tendency is consistent with model calc. 
M(proton)<M(neutron) from quark mass is next step 
Future: Finite volume artifact, Other octetldecuplet, etc. 

N 

rove SIN 
c 
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AI = 3/2 kaon weak matrix elements 
with non-zero total momentum 

Takeshi YAMAZAKI 
for the RBC Collaboration 

RIKEN BNL Research. Center 

the annual RBRC Scientific Review Committee Meeting 
October 10 - 12 2005 



Introduction 
M o t i vat i o n : 
Understand strong interaction effect in weak decay process 
K + TT weak decay process has unsolved puzzle 
AI = 1/2 selection rule 

ReA(Ko + ( T T ) ~ )  ReAo 
ReA(Ko -+ ( T T ) ~ )  ReA2 25 22 - - 

h) 

Ln 00 CP violation parameter & ' /E .  

- = {  &I .(20.7 & 2.8) x (KTeV) 
& (15.3 & 2.6) x 10 -4 (NA48) 

Recently new method for calculation of weak matrix elements is pro- 
posed by two groups. 

Purpose 
'05 Kim, Sachrajda and Sharpe, and Christ, Kim and Yamazaki 

To attempt generalized formula to 
A I  = 3 / 2  K -+ TT decay and obtain ReA2 



Generalized formula ( p  = ( o , o , ~ T / ~ ) )  
'05 Kim, Sachrajda and Sharpe, and Christ, Kim and Yamazaki 

Relation of on-shell decay amplitude in infinite volume IAI(CM) and in 
finite volume IM((Lab, 3 + 0) 

,e-..-* 

(-) ~ n - n -  {Pl-+Pc$} d6 

aP1 P'=P 
IAI2 = 87ry 

P 

where 
N 

6 : scattering phase'shift 

6 ( p )  is obtained by 6(p) = nr - +p(q),  q = Lp/2n. 
'95 Rummukainen and Gottlieb 

4 6l ( I  > 0) is neglected. 



I = 2 Scattering phase shift 
To obtain - we carry out global f i t t ing of T ( m $ p 2 )  for m: and p2 

06  
dW' 

-I-- ---I ---- 

I ---------- -+- --------- ----- 
- ---------_____I_____I___ 

----- ------------- -------- 
- 

-0.5 

m,=0.O15 
0 m,=0.03 

m,=0.04 
-0.7 9 m,=0.05 

Lab ' I 
0 0:02 0.06 0.08 

-5 

-1 0 

-1 5 

-201 ' " " * ' I .  " I ' ' .  I '  ' * I 
0 0.02 0.04 0.08 0.1 

p2[GeV2] 0'06 

% / a p  is extracted from .fit result.(Solid lines in right figures) 
\ 



Preliminary result of ReA*[GeV] "(p = 1.44[GeV]) 
2e-07,: - . I * - - I * - * 1 ' - - . 

: @CM p-0.08GeV 
: Lab p-0.26GeV + 

1.6e-07 0 Previous K->m p-0.29GeV /: 
/ R O  

: ORBC K->IC (p=1.51GeV) 
I ACP-PACS K->z (p=l.3GeV) 

! *experiment 
JV0 e 0 1.2e-07 1 VJLQCD K->nn (p2GeV) /' 

Y0 e p=0.206 GeV . ONO 

8e-08 , ' i 1 
I 0 /  

4e-08 /' e Re A,[ GeV] 

Dashed lines are results of 
global fittings. 

Result a t  physical point, 
m7r - - O.l40[GeV] 
mK = 0.498[GeV] 
p = 0.206[GeV], 

is presented by red square 
symbol. 

I . . . I  
0.1 0.2 0.3 0.4 o t  * * * I * * * I * 

0 
m,* [GeV'] 

Fitt ing function 
2 2  ReA2 = coo  + Gam? + CmP2 + CllmnP 

c 
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from 

Lattice QCD Calculations 

Sinya Aoki (RBRCNniversity of Tsukuba) 
for CP-PACS collaboration 
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at BNL 

October IO, 2005 



Introduction 
d4x P‘ap F (z)F,p(~) E iOQ 

0 term in QCD - 1  
on-’;! PJU it? 

CP odd, topolog 3 L K ’ J  

Neutron Electric Dipole Moment(NEDM) 
Experimental bound IZnOl < - 6.3 x 10 eecm 
Model estimates llnl 10-l~ /v 10-17 e cm 

-26 

Strong CP problem -8 I) o = o Q C D  +OEW 5 o(10 ) 
N m m 

However a sign of NEDM disagrees among various models ! 

The first principle calculation of NEDM is desired. 
This is a challenge of lattice QCD ! 

My Talk: 
Feasibility study for lattice QCD Calculations of NEDM by 
two different methods. 



NEDM from electromagnetic form factors 

qvapv75 + * ]  u(p/ , s I )  E::) 
CP-odd part Q = P - P '  

Lattice simulations 
3-pt function 

t 

Quenched QCD with RG action 

7- 0 

163 x 32 x 16, p = 2.6@ N 0.lfm) 
domain-wall quarks(chira1 symmetry) mfa  = 0.03, mJmP N 0.62 
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--I NEDM from Energy Shift 
0 spindependent energy shift in the presence of the constant electric fields 

1989: Aoki-Gocksch mkQ (E) - m i e  (E) = 2&(0) E = 20& - I!? + 0 ( 6 2 )  

real electric field in link variables U&c) --$ eqEktUk(x), k = 1 , 2 , 3  

0 Periodicity in time is broken +IEla1 (a2Ew0.004) 
no disconnected loops, no --+ 0 extrapolation 0 h) 

QI 
\o 

Simulation parameters, are same except m p  = 0:12, m,/m, N 0.62 

reweighting in Q 
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Our full QCD configurations are 
generated by Clover quarks. 
Does this method work for Clover + quarks ? 

The method works also for 
Clover fermion ! 

Conclusions 
a The 1st method(EDM form factor) works with quenched DWE 

The 2nd method(Energy shift) also works. 
0 quenched DVVF 
0 quenched Clover fermion 
Future works by the 2nd method 
0 lighter quark mass in quenched Clover Fermion 
ik NEDM by Clover fermion on 2 and 2+1 flavor dynamical 

configurations of CP-PACSI’JLQCD 





RESEARCH SUMMARY 
THEORY 
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Activity Report in the Year 2005 

Taku Izubuchi 
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Taku Izubuchi’s activity report in the year of 2005 
0 Finalizing the project of two flavour, NF = 2, dynamical domain wall fermion 

(DWV [41- 

0 Flavor singlet meson q’ spectrum on NF = 2 DWF configuration [7]. 

0 Analysis of effective theory (chiral perturbation theory) in the case of mixed 
action, in which two different discretization are used for sea quark and valence 
quark[3][5]. 

N 4 4 
0 Quark mass determination for NF = 2 DWF configuration[8] 

(summarized in this proceedings). 

0 QED effects, especially for mass splitting, between charged and neutral particles 
in pseudo scalar meson and nucleon[l][9]. 

It 

0 Hadronic contribution in muon anomalous magnetic moment, especially for 
light-by-light contribution[2][9]. 

0 Review talk and i ts proceedings for lattice QCD Hadron spectrum a t  Lattice 
2005 conference (Dublin) [8]. 

0 N F  = 2 + 1 dynamical DWF project, especially for analysis of static quark 
potential and meson spectrum[7]. 



Light quark masses 
Quark mass is a fundamental parameter'of the standard model La- 

grangian, which is not directly accessible from experiments due to  confine- 
ment. 

0 Lattice QCD : map between hadronic observables (hadron mass, decay constant) 
and quark mass, 

N 
U 
00 

0 fix lattice scale, u-l (Sommer scale yo, mp, jT )  

0 Extrapolate to chiral regime (m,,d N O( 1) MeV). 

0 mass renormalization, 2 factors, for non-lattice community. 

0 Extrapolate t o  continuum ( a  + 0). 



map between hadronic mass and quark mass on lattice 
0 Set lattice scale, a-l, from mp, 

To, or f7P 

0 quark mass at physical Kaon 
I " " " ' ~ '  mass (horizont a1 line) 

P 
43' 

- 

8 
....... @M),2 /@ .# 0 By using non-degenerate 

ChPT formula (red dots), _ _ _ _  mdyn, mVa,, = mud $f' 

- 0.0446(29) is ........................................ & ............................................................. 

m =0.04 

0.1 49 - - 
2,' ,/' 

,:;2 ,/' .*' a m s t r a n g e  - 
,/- 

,A 8 /' #.*' extracted. 

/' 0 If one uses dynamical, ,g' *,.- 

msea = mval,'points instead of 
NF = 2 sea quarks, one finds 
a m s t r a n g e  - - 0.04177(64), 
7% smaller than partially 
quenched analysis. 

/' 
,/ - 

,.*' 
,/' 

0.05 4Y - 
,@ ,$' 

,p 

#, ,/' .' ,/ 
o : ' l ' I ' I ' I '  0.01 0.02 0.03 0.04 0.05 

m " nl e n c e 
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NPR(R1-MOM) on dynam cal lattice.. . 

0 convert from RI to  M S  with  pa)^ 
subtract ion. 

0 constant fit all msea (mild depen- 
dency). 

Zp = 0.62(5) 
(250 MeV 5 R Q ~ D  5 300 MeV) 

0 Dreliminarv results from NF = 2 DWF: 

3 
+ l o  m, = 126(9) ( --3 ) MeV 

- rn = 4.21(33) 

0 The second errors are due to dif- ' 

ference between Zp and ZS,  also 
RQCD dependence. 



recent dynamical strange quark masses 
Preliminary 

7 f 7 
ALPHA Nf=2 NPR 
ALPHA Nf=2 NPR 

0 CP-PACS Nf=2 pert 
A CP-PACSNLQCD, Nf=3, pert. 
4 JLQCD Nf=2 pert 
A HPQCD, MILC, UKQCD Nf=3, pert 

QCDSF UKQCD, Nf=2, VWI, NPR 
Q QCDSF UKQCD, Nf=2, AWI, NPR 
v RBC Nf=2NPR 

SPQcdR Nf=2 NPR 

I I I I I I I I I I 

0.02 0.04 0.06 0.08 0.1 
WrJ2 



status of quark mass determination 

e N F  = 2 , 3  (difference is small in CP-PACS/JLQCD) 

0 scale is TO = 0.5 fm. (MILC corresponds to TO = 0.467 fm, not corrected) 

e uncertainties from chiral extrapolation ? 

e operator renormalization from perturbative calculation tends to give smaller 
z, ? 

.DWF NPR Pert ( Kc) 

ZV, A 0.7574( 1) 0.770 
zs, P 0.62( 5) 0.847 

I 
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2004/2005 Progress Report 

S.A. Bass 

Department of Physics, Duke University, Durham, NC 27708-0305, USA 

RIKEN BNL Research Center, Broothaven Nut. Lab., Upton, N Y  11973, USA 

In the following, I briefly outline the main research projects I have been involved in since 
the last RIKEN-BNL Research Center Review in November of 2004: 

I. THE PARTON RECOMBINATION MODEL 

Recent data from the Relativistic Heavy Ion Collider (RHIC) have shown a strong nu- 

clear suppression of the pion yield at transverse momenta larger than 2 GeV/c in central 

Au + Au collisions, compared to p + p interactions [l]. This is widely seen as the experi- 
mental confirmation of jet quenching, the phenomenon that high energy partons lose energy 
when they travel through the hot medium created in a heavy ion collision [2-41, entailing a 

suppression of intermediate and high PT hadrons. 

However, the experiments at RHIC have provided new puzzles. The amount of s u p  

pression seems to depend on the hadron species. In fact, in the production of protons 

and antiprotons between 2 and 4 GeV/c the suppression seems to be completely absent. 
Generally, pions and kaons appear to suffer from a strong energy loss while baryons and 

antibaryons do not. Two stunning experimental facts exemplify this [5-81. First, the ratio 

of protons over positively charged pions is equal or above one for PT > 1.5 GeV/c and is 
approximately constant up to 4 GeV/c. Second, the nuclear suppression factor RAA below 

4 GeV/c is close to one for protons and lambdas, while it is about 0.3 for pions. 

* 

There have been recent attempts to describe the different behavior of baryons and mesons 

through the existence of gluon junctions [9] or alternatively through recombination as the 

dominant mechanism of hadronization [ 10-121. The recombination picture has attracted 

additional attention due to the observation that the elliptic flow pattern of different hadron 
species can be explained by a simple recombination mechanism 113-151. The anisotropies 

v2 for the different hadrons are compatible with a universal value of 712 in the parton phase, 

related to the hadronic flow by factors of two and three depending on the number of valence 
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quarks [16]. 

The competition between recombination and fragmentation delays the onset of the per- 

turbative/fragmentation regime to relatively high transverse momentum of 4-6 GeV/c, de- 

pending on the hadron species, providing a natural explanation for the aforementioned 

phenomena. To this date, parton recombination has developed into the most successful 

model for describing hadron production at RHIC in the intermediate transverse momentum 

domain. 

A. Two-Particle Correlations 

One of the biggest challenges for the recombination models to date has been the mea- 

surement of dynamic two-particle correlations. The picture of quarks recombining from a 

collectively flowing, deconfined thermal quark plasma appears to be at odds with the ob- , 

servation of “jet-like” correlations of hadrons observed in the same transverse momentum 

range of 2 to 5 GeV/c [17, 181. The experiments at RHIC measure the associated particle 

yield per trigger hadron A. After subtracting the uncorrelated background and using the 

notation A4 = 1 4 ~  - 4 ~ 1 ,  the relevant observable is defined as 

Triggering on a hadron, e.g., with transverse momentum 2.5 GeV/c < p~ < 4 GeV/c, the 

data shows an enhancement of hadron emission in a narrow angular cone around the direction 

of the trigger hadron in a momentum window below 2.5 GeV/c. Can such correlations be 

reconciled with the claim that hadrons in this momentum range are mostly created by 

recombination of quarks? 

Obviously, the existence of such correlations is incompatible with any model assuming 

that no correlations exist among the quarks before recombination, since such correlations 

require deviations from a global thermal equilibrium in the quark phase. However, it can 

be shown that correlations among partons in a quark-gluon plasma naturally translate into 

correlations between hadrons formed by recombination of quarks [19]. Correlations are even 

enhanced by an amplification factor Q = n A n B  similar to the scaling of elliptic flow. The 

interaction of hard partons with the medium has been discussed as one plausible mechanism 

for the existence of such parton correlations, even though other scenarios for the creation 
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of parton-parton correlations in the deconfined phase are possible. A numerical example 

displayed in figure 1 shows that two-parton correlations of order M 10% will be sufficient to 

explain hadron correlations as measured by the PHENIX collaboration. One may conclude 

that the existence of localized angular correlations among hadrons are not in contradiction 

with the recombination scenario but rather indicative for the existence of correlations among 

quarks prior to hadronization. 

* *  * 
0.0 

0 50 100150200250300 50 100150200250300350 
Np.n Np.ri 

FIG. 1: Y E  which is YAB integrated over 0 5 Ad, 5 

0.94, for meson (left panel) and baryon triggers (right 

panel) as a function of centrality. The inset shows 

the associated yield as a function of Ad, at an impact 

parameter b = 8 fm. 

0.1 

- 0.05 

Y 0.0 

-0.05 

3 
3 s 

-0.1 

( 1 0.5 1.0 1.5 2.0 
PT/n (GeVk) 

FIG. 2: Relative difference (GP) - 
S$MM’)/(Gp) + SAM)) between the scaled 

meson and baryon elliptic flow for three 

different sizes of the higher Fock state 

component. 

B. Beyond the Valence Quark Approximation 

Recombination models usually are based on the concept of constituent quark recombi- 
nation, which assumes that the probability for the emission of a hadron from a deconfined 

medium is proportional to  the probability for finding the valence quarlrs of the hadron in 

the density matrix describing the source. The baryon enhancement, as well as the different 

momentum dependence of meson and baryon anisotropies, rely essentially on the differ- 

ent number of valence quarks in mesons (two) and baryons (three). The simplicity of this 

concept has been criticized, because it does not do justice to the complexity of the inter- 

nal structure of hadrons in quantum chromodynamics (QCD). The question is how a more 

realistic treatment of the internal structure of hadrons in QCD affects these observables. 
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In the light-cone frame, where formally the hadron momentum P + 00 and the mo- 

mentum fractions of the partons are the only dynamic degrees of freedom, a meson M 
with valence quarks qff and tjp can then be written as an expansion in terms of increasingly 

complex Fock states: 

IM) = J’ dxadZbb(Zu + xb - l ) C l ( x a ,  2 6 )  14or(xa)@(xb)) 
0 

+ Jdl d&dzbdxcb(& + xb + xc - 1 ) c 2 ( Z a ,  xb, 2,) l%(&)@(xb)g(xc)) (2) 

+ 1’ d%dzbdZcdxdb(xu + xb + Z c  + x d  - 1 ) c 3 ( z a ,  xb,xc,  x d )  ~ q a ( ~ a ) ~ ~ ( ~ b ) q ~ ( ~ c ) ~ ~ ( ~ ~ ) )  + . . . 
It has been shown I201 that the yield of relativistic parton clusters is independent of 

the number of partons in the cluster. Therefore, hadron spectra remain unaffected by the 

inclusion of a higher Fock state with an additional gluon. One important implication is 

that gluon degrees of freedom could be accommodated during hadronization. They simply 

become part of the quark-gluon wave functions of the produced hadrons, but remain hidden 

constituents because the commonly produced hadrons do not contain valence gluons. 

However, higher Fock states introduce deviations from the scaling law for elliptic flow. 

Using a narrow wave function limit, one can easily generalize the well-known valence quark 

scaling law to higher Fock states: 

Figure 2 shows the relative difference (if) -i.$iM))/(@)+5$M)) between the scaled meson and 

baryon elliptic flow for three diffeient sizes of the higher Fock state component (O%, 30%, 

50%). In all cases, baryons have a slightly larger scaled i& than mesons at small momenta. 

This effect is likely to be overwhelmed by the influence of mass differences, which have been 

neglected in the sudden. recombination model. At larger momenta, the scaled meson ij2 is 

slightly larger. In principle, these violations on the order of - 10% should be visible in a 

scaling analysis and first observations along these lines have been reported at this meeting 

[=I  * 

It should be emphasized that the interpretation of elliptic flow data from RHIC proving 

the existence of quark degrees of freedom in the bulk matter is still valid. However, the 

connection of the measured elliptic flow to the quark elliptic flow might be less straight 

forward tha.n anticipated. 
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11. A NOVEL HYDRO+MICRO TRANSPORT APPROACH 

Hybrid macroscopical/microscopical transport models, employing hydrodynamics for the 

early dense reaction phase and microscopic non-equilibrium dynamics for the later, dilute 

reaction stages are particularly well suited for the investigation of the QGP equation of state 

as well as hadronic final state interactions in the SPS, RHIC and LHC energy domains. 

Together with a collaborator 1 have been at the forefront of the development of this novel 

class of transport models [22], and research along this very promising approach has been 

rapidly expanding [23-261. 

The applicability of our original hybrid micro/macro model [22] used for previous studies 

is hampered by the hydrodynamic component only utilizing a boost-invariant 1+1 dimen- 

sional calculation, which does not allow for calculations of elliptic flow or quantities away 

from mid-rapidity. Therefore we are currently undertaking the extension of the hydrody- 

namical component of our model to a fully three dimensional hydrodynamics code [27]. 

Progress in the development of a full 3D hydrodynamical model has been slower than orig- 

inally anticipated, in particular concerning the development of the interface between the 

hydrodynamical model and the microscopic transport in the hadronic phase. However, sig- 

nificant progress has been made over the past 2-3 months: we now have both, a fully working 

3D hydrodynamical model and an interface to UrQMD and are currently in the process of 

determining the initial conditions necessary for addressing the RHIC data. Note that two 

different sets of initial conditions will need to be found - one for the application of the 

purely hydrodynamic approach and one for the combined macro+micro approach. It is our 

goal to find a set of initial conditions for both approaches (stand-alone hydrodynamics as 

well as the hybrid hydro+UrQMD approach) which will allow us to consistently describe 

all aspects of the low to intermediate transverse momentum physics data at RHIC - most 

importantly identified hadron spectra, elliptic flow, (pseudo-)rapidity distributions as well 

as two particle correlations. It should be noted that the much celebrated current success 

of hydrodynamics at RHIC has come at the expense of using different initial conditions for 

the description of spectra and elliptic flow - it is our intention to significantly improve upon 

this unsatisfactory situation. 

Once we have demonstrated the functionality of our model in addressing the current 

RHIC data, we intend to follow our proposed project by investigating 
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0 the sensitivity of hadronic observables (e.g. 212, rnT-spectra and particle-yields) on the 

QGP equation of state and the critical temperature Tc. 

0 radial flow expansion parameters and 'ug coefficients of multi-strange baryons for differ- 

ent initial conditions: since multi-strange baryons are thought to  decouple early from 

the hadronic evolution of the system (due to their small hadronic cross sections), they 

. are expected to yield a direct probe of the collective expansion of the system at the 

hadronization hypersurface. Collision rates and freeze-out time distributions of multi- 

strange baryons will be calculated to verify/falsify the conjecture of early decoupling 

at the phase-boundary. 

0 HBT interferometry: all current hydrodynamic calculations have failed to reasonably 

describe the measured RHIC HBT data, giving rise to the so-called HBT puzzle ut 
RHIC. Utilizing a 3D-hydro without any assumptions on boost-invariance for the cal- 

culation of the correlation functions will allow us to determine whether the previous 

failure of hydrodynamics in the HBT sector is due to simplifying assumptions such as 

boost-invariance or due to more general features of the hydrodynamic evolution (such 

as an overestimation of the lifetime of the system). 
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Matrix product representation of gauge invariant states 
in a 2 2  lattice gauge theory 

Takanori Sugihara 
RIKEN BNL Research Center, 

Brookhaven National Laboratory, Upton, NY 11973, USA 

The importance of the first-principle study in quantum chromodynamics is increasing largely because 
RHIC experiment has started and LHC is also coming. For precise description of high-energy heavy 
ion collisions, gauge theory needs to be studied at finite temperature and density in a systematic way. 
Lattice gauge theory is the most useful method for studying the quark-gluon systems at zero and finite 
temperature. However, Monte Carlo integration does not work for lattice gauge theory with large 
chemical potential because of the severe sign problem. It would be worthwhile to  pursue a systematic 
variational approach to gauge theory. In this work, we propose an efficient variational method for 2 2  
lattice gauge theory based on the matrix product ansatz. The method is applied to  ladder and square 
lattices. The Gauss law needs to be imposed on quantum states to  guarantee gauge invariance when one 
studies gauge theory in hamiltonian formalism. On the !adder lattice, we identify gauge invariant low- 
lying states by evaluating expectation values of the Gauss law operator after numerical diagonalization 
of the gauge hamiltonian. On the square lattice, the second order phase transition is well reproduced. 
The obtained value of the critical coupling is X N 3.12, which is close to the past numerical results. 
However, our lattice size L = 12 is still small. Further refinement will be given elsewhere. 
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Computing at RBRC 

QCDSP Funded by RIKEN 

0.6 teraflops 
Operational 1998 - 
Efficiency >99% 

QCDOC Funded by RIKEN 

10 teraflops 
i 

Dedicated May 2005 
Operational 2005 - 

Other 
DOE QCDOC 10 teraflops Operational 
UK QCDOC 10 teraflops Operational 
Utilized by RBRC Physicists 
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Administration of RBRC QCDOC 
Responsible Individual RBRC Director 

QCDOC Collaboration 
RBRC, Columbia University, BNL and UaKa 

Regular Meetings 
Physics, Schedules. Etc/ 

Director's Committee: 
NaPa Samios, L a  McLerran, Na Christ, 
R. Mawhinney 
Six-Week Intervals 
Physics, schedules, allotment of 

resources 
Oversight Committee: 

S. Aoki, M a  Creutz, R a  Pisarski 
Reports to Director on QCDOC 
Operations 
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W 
P 
W 

QCDOC 
Columbia (DOE) 

Norman Christ 
Saul Cohen 
Calin Cristian 
Zhihua Dong 
Changhoan Kim 
Ludmila Levkova 
Xiaodong Liao 
Meifeng Lin 
Guofeng Liu 
Robert Mawhinney 
Shu Li 
Azusa Yamaguchi 

BNL (SciDAC) 
- Chulwoo Jung 
- Konstantin Petrov 
- Stratos Efstathiadis 

Collaboration 

UKQCD (PPARC) 
- Peter Boyle 
- Mike Clark 
- B a h t  Joo 

RBRC(R1KEN) 
- Shigemi Ohta 
- Tilo Wettig 

- DongChen 
- Alan Gara 
- Design groups: 

IBM 

Yorktown Heights, NY 
Rochester, MN 
Raleigh, NC 
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QCDOC Architecture 

IBM-fabricated, single-chip node. 
(50 million transistors, 5 Watt, 
1.3cm x 1.3cm) 

- PowerPC 32-bit RISC. 
- 64-bit, 1 Gflops floating point 

Memoryhode: 4 Mbyte (on-chip) 
& 128 Mbyte DIMM. 
6-dim communications network. 
Ethernet connection to each node. 
-7-8 Watthode, 15 in3 per node. 

Processor: 

unit. 
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Brookhaven Install 

RBRC (right;) and DOE (left) 12K-node QCDOC machines 

RHRC Review - Oct. 11,2005 



QCDOC now in full production 
QCDOC dedicated May 2005 
First QCDOC results presented at Lattice 
2005 in Dublin. 
Thanks for successful installation to BNL 
scientists and technical staff: 

Ed Mcfadden 
Efstratios Efstathiadis 

Eric Blum 
Don Gates Ed Brosnan 
Chulwoo Jung Christopher 

Channing Kostya Petrov 
Paul Poleski Andrew Como 

Joe Depace 

Led by Bob Mawhinney 
RBRC Review - Oct. 11,2005 (7)  



Current QCDOC Usage 

Rack 2 
Rack 3 

(September 13, 2005) 

cu K->pi+pi, quenched, DWF, (Yamazaki) 
cu N-f=2+ 1 B-K (Cohen) / eigenvalue tuning (MF Lin) 

ACCO I % rack-CU I NPR, heavy quark action (HW. Lin) 

~~ 

Rack 15 
Rack 17 
Rack 18 
Rack 19 
Rack 20-21 

RBRC 
DOE . QCD thermo, N-t=6? p4fat3 (Schmidt) 
DOE 
DOE K23 decay (Sasaki) 
DOE q' mass (Izubuchi/Hashimoto), 

QCD thermo, 16"3x6, p4fat3 (Schmidt)/general use 

QCD thermo, 163x32, p4fat7 scale setting (Jung) 

Racks 4-7 1 RBRC I N-f=2+1 DWF (Mawhinney) ml/ms=0.03/0.04 
Racks 8-1 1 I RBRC I N-f=2+1 DWF (MF. Lin) ml/ms=0.02/0.04 
Rack 12 I RBRC I QCD thermo, 1 63x32, p4fat7 scale setting (Jung) 
Rack 13 I RBRC I QCD thermo, 323x6, p4fat7, m=O.Ol (Jung) 
Rack 14 IRBRC I QCD thermo, 323x6, p4fat7, m=O.01 (Jung) 
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Takeshi Yamazaki 

BNL 
Michael Creutz 
Saumen Datta 
Chulwoo Jung 
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Takashi Kaneko 
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Peter Petreczky 
Konstantin Petrov 
Christian Schmidt 
Amajit Soni 
Takashi Umeda 

Columbia 
Christopher Aubin 
Michael Cheng 
Norman Christ 
Saul Cohen 
Shu Li 
Meifeng Lin 
HueyWen Lin 
Oleg Loktik 
Robert Mawhinney 

UKQCD Collaboration 
D. J: Antonio A.D. Kennedy 
K.C. Bowler R.D. Kenway 
P.A. Boyle C.M. Maynard 
M.A. Clark R.J. Tweedie 
B. Joo A. Yamaguchi 
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w 
N 
0 

Action 

DBW2 

Wilson 

Wilson 
DBW2 

Lattice Configurations 

Parameters # confs. Quark Lattice spacing Volume 
Flavors W )  I trajs. 

0 1.3 GeV 163 x 32 p = 0.87 129 

0 1.4 GeV 163 x 32 p = 5.85 91 

0 2.0 GeV 163 x 32 p = 6.0 400 
I 0 i 2.0GeV I 163x32 I p =  1.04 I 202 

DBW2 
DBW2 

DBW2 

Iwasaki 

0 3.0 GeV 243 x 48 p =  1.22 106 
2 1.7 GeV 163 x 32 p = 0.8 5000 

2+1 1.6 GeV 163 x'32 p = 0.72 6000 

2+1 1.8 GeV N3 x 64 p = 2.13 underway 

msea =0.02/0.03/0.04 

rn,$nz,=( 0 .O 1 ,O. 02 ,O .03)/0.04 

m,,Jm,=( 0.0 1,0.02 ,O .03)/0.04 
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Physics Topics 
Hadron spectrum. Nucleon structure 
K meson decays 
- A=%rule 
- E’/& 

- KO-S mixing (BJ 
- K13 decay 

- ga 
- Structure fbnctions 
- Excited states 

Heavy quarks 
- Charm spectrum 
- B-Bmixing Static quark potential 

Muon 8-2 
Electromagnetic splittings 
r\’ mass 

QCD at finite temperature 
- Properties of transition 
- Equation of state 
- Heavy quark systems 

n + n phase shifts - p # O  
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w 
N 
N 

Two-flavor DWF simulations 
Evolution of topological charge 

163 x 32, L,=12, lla=1.7 GeV 
Provide gauge configurations 
used in many calculation 

nz,/tnv = 0.5 I 5361 trajectories 
m,,Jms = 0.75 6 195 trajectories 

= 1.0 I 5605 trajectories 

(Relied on improved algorithms 
of Dawson and Izubuchi) 

5 

II 0 

PJ 

8 
fig -5 

8 

m 

-10 
. 10 
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II 0 

-5 

0 

m 

~ 0 1000 2000 3000 4000 5000 6000 
-lor1 I ' I I I I ' I I I '  ' 

-lor; I ld00 2dOO I 3 d O O  4dOO SdOO 6dOO ' 
Trajectory 
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0.01 

h: E- 0 . 0 0 1 ~  

0.m1 

le-05 

2+1 Flavor Simulations 
(MF Lin, S. Cohen, R. Mawhinney and UKQCD) 

I I I 1 1 

7 

r 

N = 0 DBWZ, p = 1.04. , ) ‘i; 2.0,GeV. ps= 1.7 I i 
0 10 20 30 40 50 

More quark flavors 3 rougher 
gauge fields and larger m,,,. 
Explore a series of quark 
masses, lattice spacings and 
action variants to minimize 
this effect. ( 163 x 32, L, = 8) 

2+1 flavors, RHMC 
P C1 ml mh 

0.72 -1.4069 0.01 0.04 
0.72 -1.4069 0.02 0.04 
0.72 -1.4069 0.04 ‘0.04 
0.764 -1.4069 0.02 0.04 
0.764 -1.4069 0.04 0.04 
0.78 -1.4069 0.02 0.04 
0.78 -1.4069 0.04 0.04 
2.13 -0.331 0.02 0.04 
2.13 -0.331 0.04 0.04 
2.2 . -0.331 0.02 0.04 
2.2 -0.331 0.04 0.04 

3 flavors, “R” algorithm 

0.80 -1.4069 0.04 
0.72 -1.4069 0.02 
0.72 -1.4069 0.04 
0.48 -2.3 0.04 
0.32 -3.57 0.04 
0.16 -7.47 0.04 
0.53 -2.3 0.04 

0.33 -3.37 0.04 

P C1 ml 

0.36 -3.57 0.04 

nzh 
0.04 
0.02 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
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w 
h, 
f .  

0 

Results of Experiments 
Some improvement for large 
rectangle coefficient: 

C1 

-1.4069 
-2.3 
-3.57 
-7.47 

P mres mPa . a-'(GeV) 

0.72 1.182(7)e-02 0.530(9) 1.45 (2) 
0.48 8.04(6)e-03 0.534 (8) 1.44(2) 
0.32 7.77(5)e-03 0.518(8) 1.49(2) 
0.16 6.70(10)e-03 0.542(7) 1.42(2) 

(?f = 0)  (mf = -m-res) 

Topological charge evolves 
very slowly for DBW2 action: 
(A. Yamaguchi) 

2 E 

/I Decide on Iwasaki action, p = 2.13 
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Generating lV-7 2+1 Configurations 

A 
0.0025 

0.002 

243 x 64 volume 
mstrange = - 0.04 
L S =16  

l/a E 1.8 GeV 
2.7 Fermi box 
Exact RHMC 
method (UKQCD) 
4x RHMC speedup 
being implemented. 

mres = - 0.002 
- 

- - 

I I I 

- 

)--I - 
I I I I I I 

t 1 

300 400 
Trajectory 
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K + n + n  (Changhoan Kim) 

r 

Avoid the Miani-Testa theorem 
by imposing “anti-periodic” 
boundary conditions and using 
Lellouch-Luscher . 
Quenched, lla=1.3 GeV, 163 x 
32, DWF, L,=12, 129 
configurations. 

2 

1 x 
5 
i 

0 

10 0 

I Simulation I910 I352 ‘ 1  290 I 
I Nature I496 I138 I206 I 

w relative mom : 

20 30 40 
Time 

.. 
Time 
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w 
N 
4 0 2 ,  x 100 ossx  100 

0 - 1.230(24) -8.22( 17) 
d l 6  -2.114(60) -6.88(23) 
2 1/2nY 16 -2.16( 12) -3.89(40) 
31J2n/16 -2.30(3 5 )  - 1.8( 10) 

K+ -+ n (Changhoan Kim) 

0 8 * m X  10 
-2.989(59) 
-2.815(85) 
-1.82(13) 
- 1.40(32) 

-- 

Lattices doubled and data taken 
from both sides. 
Final pions projected onto non- 
zero momentum. 
Average over three choices for the 
anti-periodic direction. 

~~ ~ 

o,, 
'88+'8 8rn 

7.30(28) 1.497 Expt. 

6.65(70) 10-l2 1.20(22) lo-" xPT 

I I Our result I CornParison I Note I 

0.5 0 6  0.7 0.8 0 9  I 
Kaon Ylrr 

-0.2 

9 ; 4.23 

-0.3 

05 0.6 0.1 0.8 0.9 I 
Kaon Mass 

'27 

'88 

OXXrn 
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0 

0 

u 
N bo 

0 

Charm physics using domain 095 

0 9  

Heavy quarks 
B-B mixing 

- - 
- - wall fermions. (HW Lin, Ohta, 

Yamada) 
- 

- 

B=B mixing using domain wall 075 - - 

- 0 7  - 
- 

Static approx, Nf = 2: 

light quarks and “static” heavy 
065 

latl05 0907 5) 
Relativistic heavy quark action 

(HW Lin, Christ) 
determined non-perturbativel y . fs /fd= 1.29(4)(6) 

’ B, /Bd = 1.06(6)(4) 

- 0 4  05 03 

{ =  1.33(8)(8) 
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Non-perturbative calculation of RHQ action 
(HW Lin) 

Start with 7 parameters ( (ma>n errors removed ): 

s = C$(x)[mo + TODO + Cr' .  
i i 

i 2 i , j  2 

- r&) 2 - r s C D :  
X i 

- C -00iF0i + C -cBaijE;lzj +  DO, Di>00,i]@(.> 
w w 
0 

Use EOM to set r,= 1 and 5 = 0. (Aoki, et al.) 
Use field transformation to set r,= 5. (Fermilab) 
Use step-scaling to connect small l/a=5.4 GeV 
lattice ( M & a m  << h) with l/a=2.4 GeV lattice. 
Match hh and hl spectrum as well as fix ml/m2=l . 
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w w 
N 

0.8 

0.6 

0.4 

0.2 

0 

Check lattice scales 

I I I I I 

- @)e@ @El- 

@ 5e 
B E@ 

IB E* es - - 
E 

8 

- - 
e 

E - - 

I I s I I 

Comparison of static quark potential between l / a  = 3.6 
(p=6.35 1. circles) and 5.4 (13=6.638. sauares) lattices: 
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First results 

w w w 

Trial RHQ parameters for lla=3.6 GeV lattice 
Label 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

0.00 
0.07 

0.0426 
0.0426 
0.0426 
0.0330 
0.0230 
0.0230 
0.0426 
0.0426 

0.0 

CB 
1.552 
1.547 
1.550 
1.550 
1.550 
1.609 
1.609 
1.609 
1.609 
1.550 
1.552 

CE 
1.458 
1.424 
1.438 
1.438 
1.438 
1.538 
1.438 
1.538 
1.438 
1.438 
1.438 

5 
1.013 
1.001 
1.007 
1.100 
0.900 
1.044 
1.044 
1.044 
1.044 
1.007 
1.013 

Label 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

m0 

0.0328 
0.0230 
0.0328 
-0.01 

0.00371 
0.0138 
0.02 
0.03 
0.08 
0.09 
0.1 

CB 
1.511 
1.511 
1.511 
1.700 
1.709 
1.715 
1.719 
1.725 
1.707 
1.713 
1.719 

CE 
1.438 
1.438 
1.538 
1.574 
1.577 
1.579 
1.580 
1.582 
1.576 
1.578 
1.580 

5 
1.036 
1.036 
1.036 
1.022 
1.023 
1.025 
1.026 
1.027 
1.023 
1.025 
1.026 

RJ3Q parameters for lla = 3.6GeV matching lla = 5.4 DWF 

RBRC Review - Oct. 11,2005 (23) 



w w 
PI 

Outlook 
QCDOC and the x 64,3-flavor lattices will 
permit substantial physics achievements over 
the next 3-4 years. 
- K meson decays 

A=%rule  
CP violation: &'//E andKo-Ko mixing (BK) 

- Nucleon properties 
Charges and form factors 
Structure functions 

- Bottom and cham physics 
- Quark matter under extreme conditions. 
We are beginning to plan the next computer: 

Perhaps 64 nodes on a chip and a petaflops scale 
RBRC machine by 2009? 

RBRC Review - Oct. 11,2005 . (24) 



Meson Spectrum and Kaon Physics 

Chris Dawson 
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Meson Spectrum and Kaon Physics 

Chris Dawson 
RIKEN-BNL Research Center 

[RBC Collaboration] 
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N f  = 2 Dynamical Domain Wall Fermions 

Vital t o  move beyond the quenched approximation. A (bad) estimate of the size of these 
effects is the dominant error. 

The RBC undertook a two year project using the Q C D Z  supercomputer to perform the 
first large-scale calculations using two dynamical flavours of domain wall quarks. 

D three different masses:, 0.02, 0.03 and 0.04 ( ms/2 + ms). 
D 1.7CkV 

0 D on lattices of size w x 3% ( - (2iin)3 x 4fili) 
D Non-degenerate d and s quark masses. 

Drawbacks: 

D the "less quenched" approximation 

D single lattice spacing. 

D small(-ish) volume. 

D relatively heavy dynamical masses. 



N f  = 2 Dynamical Domain Wall Fermions: BK 

0 0.1 0.2 0.3 0.4 0.5 0.6 w .  0.4 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1  s 
mPa 

D need : 

D two 1,attice spacings 

D larger volumes 

D smaller masses 

D correct number of quarks 
' 

4 1  In many ways this calculation was a warm up". 

D Our dynamical result is only 3% lower 
than the quenched results closest in lat- 
tice spacing. 
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Dvnarnical DWF on the QCSOC 

Previous results: QCDSP supercomputers 
based a t  the RBRC and Columbia. 

D - 1 TFlops (peak) 

The QCDOC computers: RBRC (BN -1 
UKQCD (Edinburgh), US Machine (BNL). 
D each N 119 TFlops (peak). . 

w 
-P w 

t 

Joint project UKQCD, RBC using (parts of) all three machines: 2+1 flavour 
F 

D larger lattice sizes (24‘’ x ~ 4 )  

D lighter dynamical masses (+ m,y/-L) 
D (at  least) two lattice spacings ... 

One of the first physics targets is B1,: 



.. . 

5 

Preliminary Results: Spectrum 

I I I I - 
rn m, = 0.02, degenerate 
+ m, = 0.04, degenerate - 
0 ml = 0.01, non-degenerate 

m, = 0.02, non-degenerate 

- 
- 
- 
- 
- 

\ I - 
- 

€ f 

I I I I I I I I I 
0 0.01 0.02 0.03 0.04 0.05 

mV 

D This shows 

compared to  the predictions 

. .  . 

n i l  + 172.3 

of chiral perturbation theory. 
- 
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Preliminary Results: BK 

0.54 
0.51 
0.48 

Bare B, ; md~,,=O.O1 Bare B, 

- - 
- - 
- - - 

I I I I I I I I , , , ,  

Bare numbers broadly consistent with N f  = 2 case: 

D trend down with dynamical mass (not significant alone). 

D little effect seen from non-degenerate masses. 



Thermodynamics of Strongly Interacting Matter 
First Results from QCDOC 

Frithjof Karsch 
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Thermodynamics of strongly 
interacting matter 

- first results from QCDOC - 

S RHIC heavy ion program and LGT calculations 

S The new LGT thermodynamics group at BNL 

Towards a calculation of the QCD EoS with a 
physical quark mass spectrum 

Conclusions 



w cn 
0 heavy ion U phenamsnoiogy 

I 

heavy ion U phenamsnoiogy 

4D LGT group focusing on QCD thermodynamics aims at understanding the 
properties of elementary particle matter under extreme conditions and thus 
will provide theoretical support to the experimental heavy ion 
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(thermal) latti rou b 

Frithjof Karsch, Peter Petreczky, 
group leader Assistant Scientist 
(since 02/05) (since 10/02) 

W ul * 

Saumen Datta, Takashi Umeda, 
Assistant Scientist Res. Associate 
(since 07/05) (since 06/05) 

I 

Christian Schmidt, 
Res. Associate 
(since 04/05) 

N.N., 
Res. Associate 
(FY 2006) 
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Status reports on the current research 
program 

Lattice 2005, July 25-30, Dublin 
Chulwoo Jung, Thermodynamics using p4-improved staggered fermion action 
on QCDOC, hep-lat/051 Oxxx 

* Michael Cheng, Scaling test of the p4-improved staggered fermion action, 
hep-lat/0509099 

E 41 
.# K. Petrov, A. Jakovac, P. Petreczky and A. Velytsky, Bottomonia correlators 

and spectral functions at zero and fi nite temperature, hep-lat/O509138 

PANIC 2005, October 24-28, Santa Fe 
J) Saumen Datta, Lattice results on behaviour of quarkonia in a gluonic plasma 

J) Christian Schmidt, QCD thermodynamics with an almost realistic quark mass 
spectrum 

* Frithjof Karsch (plenary),:Lattice QCD at high temperature and the QGP 
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Thermodynamics of (2+1)-fhvor QCD 

The current research project on QCDOC 

S determination of T,: N, = 4, 6, 8,  Na = 8,  16, 32 
s explore T = 0 scales (Q, f i , m,) on 1Ci3 x 32 lattices 

calculation of the EoS: N,  = 4, 6 
s analyze volume dependence in the vicinity of Tc 

w cn 
W 

S non-zero quark chemical potentials (Taylor expansion) 
a exploration of the phase diagram; CCP; density fluctuations 

S analysis of various gluonic and hadronic screening lengths 

C Kororrh - n 1 1 I 



The p4 action ... 
We use the 1 x 2 Symanzik improved gauge action 

W s and the p4-action fermion action mf 6i j + M[U]ij ,  with 

B[U]i j= 

A[U]ij= 



. . a  combi.ned with fat3/fat7 links 
the I-link term gets modifi ed 

with FAT denoting MILC-FAT7 

FAT [U] i j = 

cl = 1/8 c 3 =  1/16 c5 = 1/64 c7 = 1/384 



p4fat: improved rotational and 
flavor symmetry 

0.0035 

improved rotational symmetry: 0.0030 

of heavy quark potential; 
0.0025 

b 0.0020 
better short distance properties 

I 

Std Nf=2 +-+-- - 
- 62, I P4 Fat Nf=3 - a=0.253(2)f m 

I - I 
a=0.243( 1)fm - 

0.0015 

a 0.0010 
m h, bulk thermodynamics 0.0005 

0.0000 

reduced cut-off dependence of 

non-Goldstone pions 

- I 

-+ 
a=0.252(5)fm a=0.237(2)fm * 

H 
- 

61 

2 
- 

(m,s/mv) 
I 

nf=3 e 

OAO t - & 

0.40 

0.20 

0.00 

W 
- e 4 

A 

e B - & 

W 
0 *,  2 (mps/m,) 

9 



Performance of the p4fat7 program 

siteshode 

64 
128 
256 
384 
576 

Performance of p4fat7 codes on QCDOC, 420Mhz, 1024 nodes, 
MFlopshode; optimization of parallel transport and matrix inversion 
a most runs use 44 or 43 x 6: they reach about 30% effi ciency; 

z4 or z3 x 4 run with about 60% of that speed 

CG( MFlopshode) 

173 
177 
207 
254 

264 

~ 

Volume 
w o\ 2242 
W 

2 x 43 
44 

43 X 6 

42 x 62 

p4fat7: real time performance 

Smearing( MFlopshode) 
271 

293 
31 3 

31 7 

264 

B 163 x 32, mps/mv rv 0.4: 1024 node rack: - 680 traj./day 



Determination of. Tc (I) 
goal: (2+1)-flavor QCD with a physical strange quark mass and ”almost” 

physical light quarks (m, rv 200 MeV) 

lSt step: 3-flavor QCD, calculation of critical couplings for several quark 
masses and lattice sizes (N,  = 4, 6, No = 8 ,  16, 32) 

cc reached small quark masses 3a: :: 
mps/mv < 0.4 3.6 

S achieved high statistics 
up to 7000 traj. per @-value 

Ferrenberg-Swendsen analy- 

- 
p4fat7, g3x4 - 
p4fat3. 1 6 ~ x 5  
p4fat7, 1 63x6 5 

S-  small separations allow 2.8 - p4fat3, 163x4 ++-- - 
2.6 

2.4 

- 

I I I I I 

sis also for N,  = 6 0 0.05 0.1 0.15 0.2 0.25 0.3 
amq 

critical couplings (p4fat3 and p4fat7) 
from maxima of susceptibilities 



Determination of 'Tc ( 1 1 )  

I I I 

nf=3, N,=4, p4fat3 ++-+ 

p4fat7 +-e-+ 

rc/"V p4fat7 -+-+ - 
N,=6, p4fat3 +-E+--+ + I 

0 .. 

goal: (2+1)-flavor QCD with a physical strange quark mass and "almost" 
physical light quarks (m, (v 200 MeV) 

tnd step: determining the scale at Pc, e.g. ~ ~ V - U ( P , ( N , > )  and 
1/z = N,a (Pc (N , ) )  * Tc/mv = l/(mvanT,> 

0.24 

0.22 

0.20 

will check consistency of 0.18 

different actions 0.16 

w 
scale determined on 163 x 32 
lattices 

S aim at consistent picture from 0.14 

different scales 0.12 

- 
- 

- 

- 

- 

- 

- 

- 

0 

1 
0.10 ' I I I I I I 

0.00 0.20 0.40 0.60 0.80 1 .oo 

critical temperature from 
vector meson mass 

E Kc,rer-h - n 17. 



Determination of Tc (Ill) 
goal: (2+1)-flavor QCD with a physical strange quark mass and ”almost” 

physica light quarks (m, rv 200 MeV) 

next steps : 

a) improve scale calculations: ‘heavy quark potential 

b) switch to (2+1)-flavor QCD 

c) start calculation of equation of state 

d) .... 

... to guide your thoughts: 
Tcro rv 2Tc [GeV] 

0.60 

0.55 

0.50 

0.45 

0.40 

0.35 

n,=3, N,=4 
p4fat7 - 

i 
I 

I I I I I 

0.00 0.20 0.40 0.60 0.80 1 .oo 



Conclusions 

J, The new LGT group at BNL had a perfect start: 
It is fully integrated in the RBRC/BNL environment 

The computing resources at RBRC (QCDOC) and the well 
established international collaborations of the group allow to 
perform research on QCD thermodynamics at the forefront of 
the fi eld 

W 5 

First results on QCD thermodynamics are encouraging and will 
contribute to a strengthening of the theoretical background for 
the experimental HI-program at RHlC 





Beta Decay on the Lattice 

Shoichi Sasaki 
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I 

K,3 decays (I) 

9 The 2nd simplest weak decay of Kaon 

leptonic decay K+ -+ p+ + v p  FK Kaon decay constant 

semi-leptonic decay 

9 AS=l  decay (s + u) 

K+ -+ no + E+ + Lq 
W 
4 
W 

the best determination of the weak mixing element vus 
W + ..e* L e +  

K 

3 
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Simulations 

0 2 flavors DWF + DBW2 gauge action 

Lattice cutoff: I l a  - I .7 GeV (p=0.80, CI= -1.4069) 

Small residual quark mass: a few MeV ( L ~ 1 2 ,  M ~ 1 . 8 )  
'1 

2 VI 

Lattice size: V = l  63 x 32, La - 1.9 fm 

sea quark mass: mlig.ht=0.02 (QCDSP) 0.03,0.04 (QCDOC) 

valence quark mass: 3*mstrange ~[0.02,0.03,0.04,0.05] 

## of statistics: each 94 measurements 

5 
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Preliminary - results 

mlight 

0.02 

Presented by T. Kaneko at Lattice 2005 

mstrange f+(O) [methodl] f+(O) [method21 

0.03 0.9984(9) 0.9988(4) 

0.02 

0.02 

I 

0.04 0 . 9944( 29) 0.9951 (14) 

0.05 0.988 7( 56) 0.9893( 27) 

f+(o) at simulated quark mass can be determined with 
both systematic and statistical accuracies of 1%. 

Analysis of data at miight = 0.03,0.04 is underway. 

7 



.. 

Hweron Beta Decav 

13 the baryonic-version of semileptonic decay 

rn Alternative way to determine I V I other than K,3 decays 
w US 
4 
Qo 

the SU(3)-extension of netron beta decay 

Axial vector form factor as well as Vector form factor (V-A inf.) 

a the SU(3) breaking effect : analysis of quark spin fractions 

8 



Theory: Hyperon Beta Decay 

11 the octet baryons ( p ,  n, A’, C*?O, So?’-) admit various p- 
type decays 

B‘ -+ B + l* + ~ z ( v E )  

m Decays (V-A) are described in terms of 6 form factors 

9 
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Hyperon decays on the lattice 

(Q Preliminary results of vector form factor f, 
for E- -+ n/ e Ye 

0. Becirevic et al., hep-latl041 I01 6 
0. Guadagnoli et al., hep-latI0409048 

fi Quenched clover, pe6.2, 243x56 (I 20 configs.) 

f@ No results for axial form factors g, or g, I f, 
a A long standing puzzle in the axial-vector 

coupling gA=gl(o) in lattice QCD 

11 



Lo-ng-standing p uzzle 

1.2 

w -  
g 3 1.1 

A 

n --+ p + e- + Ye 
m g~ (exp.) = 1.267 (3) 

{ lowest moment 

{zero momentum transfer 

{ no disconnected contribution 

% * - 
€ 

- 

One of the simplest nucleon 

- - I  V T 

0) 1 * Lattice results always fail to t i 
reproduce experimental value 1 

0 Quenched QCD (MIT) 
0 Full QCD (SESAM) 

- 

@ Full QCD (SCRI-LHPC) about 20 % discrepancy 
0.8 

0.0 0.2 0.4 0.6 0.8 
M,: [GeV2] 

(pl(V,f + iV,”) - (A; + iAE)ln) = (plV,3 - AEIp) 
V=l  63x32, fh6.0 (quenched), fi=5.6 (full) 
LHPC-SESAM collaboration, Phys. Rev. 066 (02) 034506 

12 



Quench DWF calculation of g~ 

Domain wall fermions 

1.41 g~ (exp.) = 1.267 (3) 

i.21 1 .o 

m 
I € * 

ii 

excellent chiral properties 

the lightest pion mass, Mn - 0.39 GeV 

especially the relation ZV = Z A  

(gA/gv)latt directly yields the 
renormalized value of gA 

0.8 
0 La=2.4 f m  (DWFBBW2) 
0 La=l.2 fm (DWFIDBW2) 
+ La4.5 fm (DWFMlilson) , 

0.8 + Linear extrapolation yields 0.6 
0.0 0.2 0.4 0.6 

1 I { Clear finite volume dependence 
- I 

a 20 % increase from 1.2 fm to 2.4 fm 

Mp: [GeV2] 

Sasaki-Orginos-Ohta-Blum, PRD68 (03) 054509 gA = 1.212 (27) 
13 



w co * 

Hvgeron Beta Decav Eo+ Z +) 
~ 

gl If 1 (Expa) (g1 If I)  su(3) 
SU(3)  B'+ Blu fi 

I n+?J 1 1.26704~ 0.0030 F + D  I 
0.718% 0.015 F + ; D  -- V6 A-+P 2 

6- --+ n -1 -0.340 Zt 0.017 F - D  
0.25 & 0.05 F - : D  

I I 

?+E+ is the direct analogue of n+p under d t) s 

i ..* i 

r v  7 

us 
L EO (ssu) r E+ (suu) 
i 
7 

14 



Hyperon Decay Project 
on QCDOC 

9 TEST Run on a rack of QCDOC (1024 nodes machine) 

0 N,=O, DBW2, I 63x32x1 6, beta=0.87 (a-’-1.3GeV), 
w 
CQ u 

0 m, = 0.04, m = 0.08 S 

0 #of statistics: 29 

3decays:n->p, Z->n,E->Z 

15 
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2 + I flavor DWF QCD on QCDOC 

0 

0 

0 

0 

DWF + lwasaki gauge action 

Lattice cutoff: 11a - I .8 GeV 
(p=2.13, ~1=-0.331) 

Lattice size: V=243 x 64 x I 6  
La - 2.6 fm 

miight = 314,112, I14 of mstrange 
M, - 250,500,750 MeV 

in collaboration with Columbia, UKQCD RIKEN BNL Research Center Dedicates 
New Supercomputer (QCDOC) for Physics Research 

17 
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RHIC Heavy Ion Physics 

Yasuyuki Akiba 
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RHlC Heavy Ion Physics 

Y. Akiba 

Presentation 
RBRC Scientific Review Committee 

October 12,2005 

RBRC and RHIC: Unique QCD laboratory 

RHlC spin 

Lattice Gauge 

RHIC Heavy Ion RBRC Theory 
program 

RHIC: Accelerator dedicated for study of QCD (strong nuclear force) 
RBRC theory: Center of QCD theory from Lattice to pQCD to Heavy Ion 
RBRC and RIKEN plays leading role in both of the spin and heavy ion physics 

393 



Heavy Ion Physics at RHlC 
Create very high temperature and dense matter 
- As existed a few p sec after the BIG BANG 
- Collide heavy nuclei to achieve maximum volume 
- 5 Runs since the start of RHIC in year 2000 

Au+Au (Run1,2,4) d+Au (Run3) Cu+Cu (Run5) 
RHIC has produced high density partonic matter 
- The four experiments of RHIC concluded in their white papers 

that RHIC Au+Au collisions produced very high density matter 
- The matter is strongly interacting, and it behaves like an ideal 

fluid (perfect liquid) - unexpected discovery. 
Next step: Detailed study of the newly discovered matter 
- How hot and dense is the medium? 
- Is thermal equilibrium achieved? 
- Is the matter de-confined? 
- What is the equation of state? 

Major achievements since last SRC (Nov 2004) 
The last 1 year is very productive for RHWPHENIX and 
RIKEN/RBRC group of PHENIX 

- A large contribution from RIKEN/RBRC to PHENIX publications 

- Summary of the first 3 years of RHIC/PHENIX operation 
- Concluded that “a new form of partonic matter is formed at RHlC 

- Most successful RUN of RHIC/PHENIX 

Publications 

PHENIX White Paper publication 

RUN5 Cu+Cu and pep 

Very high statistics Cu+Cu data 
Very high statistics polarized proton run+First AG(x) measurement 

0 .  RUN4/RUN5 data analysis and QM05 conference 
- New results from PHENIX dominated the conference 

3 plenary talks, 20 parallel talks and >60 posters 
- A big step forward to determine the properties of the partonic 

matter created at RHIC 

394 
2 



RIKEN/RBRC in PHENIX 
RIKEN/RBRC personnel have impocant roles and positions in 
PHENIX, one of the two major experiment at RHIC 

Deputy Spokesperson (2 out of 2) 

Executive Council Members (4 out of 13) 

Y. Akiba (RIKEN) 
M. G-Perdekamp (U. IllinoislRBRC) 

Y. Akiba (RIKEN) 
M. G-Perdekamp (U. IllinoislRBRC) 
A. Deshpande (StonyBrooWRBRC) 
N. Saito (KyotolRIKEN) 

Physics Working Group Conveners (3 out of 14) 
(M. Kaneta) 
X. Wei (RBRC) 
A. Deshpande (StonyBrooWRBRC) 
K. Tanida (RIKEN) (from June 2005) 

Y. Akiba (RIKEN) project manager 
H. Ohnishi (RIKEN) 
A. Deshpande (StonyBrooWRBRC) strip subsystem manager 

Local Polarimeter RICH RICH-EMCAL trigger 
EMCal Muon arms 

(RBRC + Tohoku) (until June 2005) 

PHENIX VTX Upgrade Project 

pixel subsystem manager 

Large role in PHENIX operations and data analysis 

PHENIX publications 
23 PRL, 9 PRC, 1 PRD, 1 PLB and 1 NPA papers published since start of RHlC 
Total citations -2200 and growing. 

12 papers published since the last SRC meeting (Nov 2004) 
6 papers have RlKENlRBRC person(s) as member@)(') of the paper writing committee 
3 papers have RlKENlRBRC person as the chairperson(*') of the committee 
* PRL93,202002 RUN3 p+p (The first Spin Physics paper)(") - PRL94.002301 RUN2 Au+Au cham(") 
* PRL94,082302 RUN3 d+Au forward hadron 

PRL94.122302 RUN2 Au+Au dldbar - PRD71,071102 RUN2 pp direct photon(') - PRC71,051902 RUN2 Au+Au barym jet con - PRL94,232301 RUN2 Au+Au direct photon - PRL94.232302 RUNl,2,4 v2 energy dependence 
* NPA757,lU White paper(") - PRC72.014903 RUN2 phi+KK - PRC72.024901 RUN2 Au+Au cham v2(') 

- nucl-ex10507004 RUN2 Charged particle jet correlation - - nucl-ex10507032 RUN3 Jliy production in p+p and d+Au(') 
* - nud-ex10508019 RUNP Elliptic flow of no and pholonr) 

PRC71.034908 NchlEt(') 

5 new papers submitted to PRL 4 papers have RlKENlRBRC members. 

nucl-ex10507073 RUNP A, for pi0 and charged hadrons (The Znd Spin Physics result)(') 

nucl-ex10508034 RUN2 Open charm production in p+p via single electron(') 

I 

395 
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PHENIX "White Paper" 
Summary of PHENIX results 

-&I-.̂  - 
I A  

from RHlC Runs 1-3 g -.... $. -... 
lP lY I I l  -1-.-1.1-114....1 - - 126pages 

Next Step: New results from RUN4RUNS 

Conclusion of the PHENIX White Paper 
In conclusion, there is compelling experimental evidence that heavy 
ion collisions at RHlC produce a state of matter characterized by very 
high energy densities, ... 
... additional incisive experimental measurements combined with ' 
continued refinement of the theoretical description is needed to achieve 
a complete understanding of the state of matter created at RHIC. 

PHENM analyzed the high statistics (>1Ogevents) data of 
RTJN4RUNS to probe the properties of the dense matter 
formed at RHIC. The preliminary results from the analysis 
were presented in Quark Matter 2005 conference, the most 
important conference in the field in this summer. 

Some of the highlights are presented in the following 
slides 

4 
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The matter is so opaque that even a 20 GeV no is stopped. 
r_lpllll______.--~ 

PHENUIAu*AU (ec8nb.l cdiisionr): 
2 

1OV I ,  i 

i f  
p ?  

i 
" 1 "i l " 1  &A"- 6"- L... 12- I ' lb I 16gA ._ 5 * - 1 

0 2 4 6 8 1 0  18 20 
R (GeVlc) 

Suppression is very strong (RAA=0.2!) and flat up to 20 GeV/c 
Common suppression for n0 and q; it is at partonic level 
E > 15 GeV/fm?: dNddy > 1 100 

The matter is so dense that even heavy quarks are stopped 

-1 Even heavy quark (charm) suffers 
substantial energy loss in the matter 

The data provide a strong 
21.4 

constraint on the energyioss 1 models. (1) c h a t  = 0 G e W m  

1 

0.8 

0.6 

0.4 

The data suggest large c-quark- 
medium cross section; evidence for 
strongly coupled QGP? 

I 

5 
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The matter is so strongly coupled that even heavy quarks flow 

R 

Cham flows, but not as strong as 
light mesons. 
Drop of the flow strength at high pT. 
Is this due to bquark contribution? 
The data favors the model that cham 
quark itself flows at low pT. 
Cham flow supports high parton 
density and strong coupling in the 
matter. It is not a weakly coupled gas. 

The matter is so hot that it emits (thermal?) photon copiously 

,&, . , I : : . , , * , . , f .  I L , . : , :- 

0 1 2 3 4 5  

The first promising result of direct photon 
measurement at low from low-mass 
electron pair analysis. 

Are these thermal photons? The rate is 
above pQCD calculation. The method can 
be used inp+p collisions. 

If it is due to thermal radiation, the data 
can provide the first direct measurement 
of the initial temperature of the matter. 

Tomni - 500-600 MeV !? 
To*" - 300400 MeV !? 

6 
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The matter is so dense that it melts(?) J/v (and 
regenerates it ?) 

J/yr's are clearly suppressed 
beyond the cold nuclear 
mmer effect 

Ulual.nlnueWI~HO936.nspoliinMjp The preliminary data are 
consistent with the predicted 

J/v nuclear modification factor RAA 
Grandchamp old. hoppNo3DeoTI suppiess'on+rcgen 

' BralkWaLayae.1 a] nud.!hfM02042 HSD Model . K o w k  eL Pl happNC305277 SCM C w h w  

1 

0.8 

0.6 

0.4 

0.2 

'0 50 1OD 150 200 250 300 350 

suppression + re-generation at 
the energy density of RHIC 
collisions. 
Can be tested by v2(J/yr)? 

The matter is so dense that it modifies the shape of jets 

2.5 - 4 GeVlc x 2 - 3 GeVlc, All Charge 1 
The shapes ofjets are 

- Machcone? 
- Cerenkov? 

modified by the matter. 

Can the properties of the 
matter be measured fiom 
the shape? 
- Sound velocity 
- Di-electric constant 

Di-jet tomography is a 
powerful tool to probe the 
matter 

I -0.01 , , , , ~ , , , , , , , I  , , , , I , , , , 1 , , , , I , , , I  
' 5  " < " ~ .n . 

J C  I., 0 1 2 3 4 

399 
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* 
I 

L 

* 
\e* 

Thomatter *' 
modifies jets 

"-- I .> I .* I 
i "  

The matter IS hot The matter may melt 
but regenerate JIqis ' I -_ - ; . 

Summary 
A new form of dense matter is created in heavy ion 
collision at RHlC 
- Suppression of high pT particles due to matter effect 
- Large elliptic flow -- the matter behaves like a perfect liquid 

determine the property of the newly discovered matter 
- Importance of penetrating probes such as direct photon, heavy 

quarks and Jly. 
- Upgrade of the detector for better measurement of the matter 

properties and to explore the full physics opportunity 
* RlKEN and RBRC plays very important role in this 

rapidly evolving field of phyiscs 

The next step of heavy ion physics at RHIC'is to 

400 
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RHIC Polarimetry 

Itaru Nakagawa 
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oulomb Nuclear Interference ( NI) Region 
A,  ==: + 

Regge pol 
Porneron exchan 

A, is a sensitive probe of hadronic spin flip 
pp  Analyzing Power 

0.03 

--'.e - L - - -, - ~. .~ With hadronic 

0.01 

0 

Phys. R e ~ l L ~ ~ & 3 0 2 ( 2 0 0 2 )  
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pC Detector Setup 
Ultra thin Carbon 

5 

Thin dead layer for low energy 
carbon spectroscopy 

2mm pitch 12 strips 

I Wave Form Digitizer (WFD) I 
4 

420 Msampledsec 
- Pulse Height - Bunch ID 
- TOF - Integral (Q) 1 - TMAX - revolution # 



Event Selection 

1. 

arbon Kinetic Energy [ keV ] Invariant Mass 



Run05 Online Results 
Run5 yellow Online Polarization (Physics Runs) 

20 " " ' " " ' " " ' " " ' . ~ ~ ~ , . ~  
Run5 blue Online Polarization (Physics Runs) 

zo a 

Polarization Profile for Yellow:7133 
-10 . . . . , . . . . , . , . .  ( . . . . , . . . . , . .  

Polarization Profile for blue:7151 
0 . . . . , . . . . I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1295 - 1 m  

a m  
8 

d ,  
2"ao 
.a 

!EQ 

0 
17M 1185 1190 11- 1BB 1 s  In0 1215 1W 1ZZS 1'230 

1295 - 1 m  

a m  
8 

d ,  
2"ao 
.a 

!EQ 

0 
17M 1185 1190 11- 1BB 1 s  In0 1215 1W 1ZZS 1'230 
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Run05 SetuD 

Left-right pairs 

@ I right 

Si detectors (Scm * 5cm)*3*2sides 

1ch width = 4mm (4OOstrips) 

Strip runs vertical with beam 



AN beam (t) = - A, Recoil Si S.pectrometer 
for elastic scattering only! 

6 Si detectors covering recoil 
the blue beam => 

/ 

c. 
c1 w 

i blue 

beam 
axif,--- 

72 x 64 mmA2 

_jj 
HAVE “design” 
azimuthal coverage 

one Si layer only 
a smaller energy range 

reduced bkg rejection power 
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The Pursuit of Polarized Gluon Distribution in the 
Nucleon with PHENIX 

Abhay Deshpande 
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The pursuit of polarized gluon distribution 
in the nucleon with PHENIX 

Octdber 1 1 f 2.005 



Overview 

Relevance of polarized gluon distribution in nucleon spin puzzle 

PHENIX Spin measurements towards understanding the spin puzzle 
- ALL(%) from Run-3 & Run-4 : a quick reminder 

N N - RHIC Run-5 and expectation from PHENIX 
- Run-6 and. beyond 

c. 

Putting all data in perspective: a new initiative on combining world’s spin 
data 

Gluon Spin Investigations: A. Deshpande (SBWRBRC) 2 



Gluon Contribution to Nucleon Spin is 
Unknown 

SMC, PRD58,112002 (1998) 
Analysis of world’s all available data 
(SMC, SLAC, HERMES.. .) 
Quark contribution to nucleon spin 
well constrained but gluon 

0.4 
0.3 
0.2 
0.1 

0 

-0.2 
-0.1 contribution has huge uncertainties 
-0.3 1 

P N -0.4 AX = AG(x, Q2 = 1GeV2)dz = 0.23 zt 0.05 

1’ AG(.r, Q2 = 1GeV2)dz = 1.0+le4 -0.5 

w 

0.1 

0.05 Since then many other analyses have 
0 been published with qualitatively 

-0.05 identical results (E143 Collaboration, 
-0.1 AAC Collaboration, E. Leader et al.) 

-0.15 New techniques to get to gluon spin 
I O Q  10 -’ 1 10 -* lo - ’  1 necessary: RHIC Spin ideal 

X X 

Gluon Spin Investigations: A. Deshpande (SBWRBRC) 3 



Polarized Gluon Measurements with 

- Inclusive neutral and charged pion production 
2003-2005/6 I Large Cross Sections 

PHENIX 
Many channels involving polarized gluons in the initial state of scattering: 
- Allow independent constraints on the measurement 
- Have different experimental systematic uncertainties 

2005-2008/9 

Future upgrade (Si VTX TRK: A. Taketani) will allow additional 
measurements of gluon distribution using Xjet production, heavy qi 
production . . . . etc. 
- Beyond 2009 mostly in the 500 GeV CM program 
- Extend the kinematic range to lower x 

ark 

Gluon Spin Investigations: A. Deshpande (SBWRBRC) 4 
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X? production and partonic' contributions 

0.8 1 1 1 1  1 1 1 1  1 1 1 1  I 1  

- - - OX,+,O,Y 

f l p p  + 7ro ,Y 
- fn-0 - - 
., - 

0.6 - - 

partonic scattering to total 
neutral pion production 
Gluon interactions dominate 

gg + qg scattering 
dominant 

0 Measurements of 
charged pions (see later) 

Gluon Spin Investigations: A. Deshpande (SBU/RBRC) 6 
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Run-5 pp: March 05 - May 05 
e CAD hardware upgrades: Cold Siberian Snake in ACTS commissioning, 

significantly increased NEG coated beam ~9ipes.. :. 
Highlights of KHIC accelerator perforniance: 
- Average -47-50% beam polarization (routinely available) 

umber of bunches in each ring 56 (beginning) --> I10 (towards the en 
divered luminosity I. 2.8 pb-' in -1 I weeks of operation 

- Acceleration of polarized protons to 285 GeV/c, success ~ e n ~ o n ~ ~ ~ ~ ~ ~ ~ ~ ~  by 
6 transverse crrientation at experiments only) 

e Measured asymmetry by RHIC CNT polarimeters 
PE-ENIX confirmed observaticm of ~~~~~~ rd neutron ~~~~~~~~~~~ 

took its largest single sample of polarized pp data 
data, with various trigger setups 

b- I of longitudinal double spin cslli isisrzs, 0. li 6 p - I of ~ ~ ~ ~ ~ ~ / ~ ~ s ~  

- A11 data transferred to CCJ almost in real time for preparin 
the production quickly 

3.8 pb-1 at 48% polarization corresponds tu 205 nb-l in Figure of Merit 
-40 times better than 2003+2004! 

,-- .-.--I^-- r------ o- _-_-__I. - .̂ - *-._ -r--- ---. -I-- -_--__ - 



.P 
N 
10 

Run-5 Neutral Pion Asymmetry Analysis 
status and prospects 

'Egelative luminosity studies [ K. Boyle(SB1J) 1: Interesting new effects observe 
- First tests/tri;els with increased number of bunches in fills by CA 

and mostly understood 
- Expect no nla,jor show stoppers, relative Iurnimsity ~ ~ ~ ~ e r ~ ~ i n t ~  psese 

estimated to be the same as in the previous years 

'OF) efficiency studies [Us Fukao (KyotofRI 
DONE 

axao 

Result expected to be released at: PANIC'O 
- Kieran Boyie and Yoshi Fukao to present the results in a parallel sessioii 

Gluon Spin Investigations: A. Deshpande (SBU/RBRC) 9 



Run-5 Neutral Pion Asymmetry 
El Scaled from Run3 by Y. Fukao 

Fl 
0.05- - - 0.006 
0.04+ - 0.004 

n n  

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 -0.008 ' ' ' ' ' I '  I ' ' I '  I ' a ' " I '  ' I '  ' ' ' ' I ' I '  ' I ' ' " I ' ' ' ' I " ' ' ' 

RSV sed corresponds to a very small polarized gluon inte 

bile Run 3-t-4 seem only to rule out GKSV-inax parameterization, Run 5 
data will allow us to get the first definitive estimate for the magnitude of 
the polarized gluon distribution's first moment 

- 
a 

Gluon Spin Investigations: A. Deshpande (SBWRBRC) 10 
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Global Analysis of Polarized Scattering 
Data : A new initiative 

e ‘We must extract maximum information out of the existing and anticipated 
(including the polarized DIS and RHIC pp) 
- Require: “A Global Analysis” of all available data using the state-of-the- 

art theoretical formulism and tools 
- Emphasis: Careful evaluation of experimental and theoretical 

uncertainties 
- General method clear & obvious, details of iiaclu 

complicated, but W. Vogelsang et al have develo 

I 

0 A group of us will start this shortly across collaborations with an aim to 
develop this as the 200 GeV RHIC Spin program ramps up 

Gluon Spin Investigations: A. Deshpande (SBURBRC) 13 
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Spin Fest - 2005 Data Analysis 

Yuji Goto 

435 





437 



PHENIX Spin Fest 
July 1 lth - September 2lld 
- just after 2005 polarized-proton run ended on June 2Sh . . . 
- Pacific-spin 05 symposium in Tokyo: July 5-8 

at radiation laboratory, RIKEN Wako institute 
- two meetings every week connecting to BNL etc. by telephone 

regular Spin PWG meeting (every Thursday morning: 9am- 1 1 am) 
extra Spin Fest meeting (every Tuesday morning: 9am-1 lam) 

- theory lecture course: July 25-29 
- seminars by participants and guests every week 

every Monday afternoon: 2pm- 
0 coordinator: Kiyoshi Tanida 

- workshop at Nikko: August 17-1 9 

. October 10,2005 Yuji Goto 2 



Goals 
Fast-track analysis of central-arm data in 2005 polarized- 
proton run 
- physics goals: no A L L ,  direct-photon cross section, . . . 
- monitoring of quality of data as it is being produced, alerting the group 

to possible hardware software problems and if there are any serious real 
physics problems . . . 

- on BNL side, supporting this effort from a distance when needed: input 
from detector groups and specialists, . . . 

- physics analysis of transverse physics data will start immediately . . . 

i3 rD 

Preparation of full production of central-arm & muon-arm data 
- to start in or after the spin fest . . . 

Formation of a strong spin analysis group 
- develop specializations, know each other's qualities, and learn to work 

as a cohesive group, . . . 

October IO, 2005 .Yuji Goto 3 



Analysis plans 
t> . 

Run5pp beam time Spin fest 
4 
dpr , May , Jun , Jul , Aug , Sep 

run4pp production 

data t ra nsf e r 
spin nDST production / CDEV filtering 

relative I um inosity fast-tra m u I t i p I e-co I I i s i o n ana I ys i s 

local polarimeter longitudinal-run analysis 

normalization 
F. 
0 vern ie r-scg n a na I ysis 

EMCal calibration 
rod uct io n 

11 QA of fabt-track production 
1 no A, I fabt-track analysis 

DC/PC/etc. cd i  bration 

PHENIX preliminary 

as of May 18 ... 
October 10, 2005 Yuji Goto 4 



Participants 

* 
.P r 

October 10,2005 Yuji Goto 

- 7postdocs 



0 

0 

c. 
;s 

0 

Coordinators and supporting staffs 
Overall coordinators of the analysis 

Period coordinators 
- Yuji Goto, Kiyoshi Tanida (at RIKEN), and Abhay Deshpande (at BNL) 

at RIKEN at BNL 
Ming Liu (LANL) 

Abhay Deshpande (SBU/RBRC) Imran Younus (UNM) 

- June 28 - 
- July 11 - Ken Barish (UCR) Wei Xie (RBRC) 
- July 25 - 
- August 8 - Yuji Goto (RIKEN) Dave Kawall (UMassIRBRC) 
- August 22 - Naohito Saito (Kyoto) 

Supportiiig staffs 
- Yasushi Watanabe (computer and network in general) 
- Takashi Ichihara, Satoshi Yokkaichi and Souichiro Kametani (CCJ) 
- Hisa Torii (CCJ production) 
- Ms. Kiyama (many many supports in general) ! ! ! 

Mickey Chiu (UIUC) 

October 10,2005 Yuji Goto 6 



0 

0 

0 
.b 
PI w 

a 

0 

0 

data transfer 
relative luminosity 
- fast track analysis 
- multiple-collision analys 

local polarimeter 

Technical tasks 

- rotator commissioning done ! 
- longitudinal-run analysis 

- vernier-scan analysis 

- EMCal calibratiodQA 
- PC/DC calibratiodQA 
- ERT analysis 
- no A,, analysis 

- calibratiodQA 

- Fast MC 
- full PISA production 

norrnalizat ion 

fast-track production 

full production 

simulation (if necessary . . .) 

Mickey, Satoshi, Yasushi, . . . 
Dave, Yoshi, Kieran, Robert, Imran, Sasha, Oleg, ... 

S 

Manabu, Kieran, Joe, . . . 

Dave, Robert, Sasha, Oleg, Joe, . . i 

Hisa and production team . . . 
Kenichi, Yoshi, Takuma, . . . 
Kazuya, Manabu, . . . 
Kensuke, ... 
Sasha, Kieran, Yoshi, . . . 
Hisa and production team . . . 
Imran, ... 

October 10,2005 Yuji Goto 7 



Physics analysis 
no 

direct photon 
Sasha, Kieran, Yoshi, Dave, Imran, . . . 

Kensuke, Robert, Kenichi, Sasha, Takuma, Dave, ... 
' r l  

Frank, Joe, Hiro, . . . 
0 

0 
.P 
.P 
.P 

0 

0 

e 

0 

hVnf 

jet 

e* 

A 

200 GeV transverse-polarization data 

4 10 GeV transverse-polarization data 

Kieran, Waled, . . . 

Kenichi, ... 

Manabu, ... 

0 Ran., Kazuya, . . . 

Mickey, Oleg, Christine, Hiro, . . . 

Manabu, ... 

October 10,2005 Yuji Goto 8 



CCJ production ‘ I  

Production team 
- Hisa Torii (RIKEN), Oleg Eyser (UCR), Joe Seele (Colorado), Ran Han (Peking), 

Antonin Kral, Petr Mikes and Tornas Liska (Prague) 
Production contributers and monitoring shifters 
- Mickey Chiu (UIUC, analysis coordinator), Frank Ellinghaus (Colorado, data transfer), 

Imran Younus (UNM, shift in US), Mikhail Stepanov (NMSU, shift in US), Astrid 
Morreale (UCR, shift in Japan), Christina Hagemann (UNM, shift in US) and Kazuya 
Aoki (Kyoto, shift in Japan) 

run5pp Production Status 
A 7r- s 

6- 
LL 

5- 

i 4- 
8 
E n 3- 

2- 

1- 

Fast-track production of 
260 TB data (!) finished 
on September 6 !! 

October 10,2005 
day after JunllO 
Yuji Goto 9 



Weekly seminars 
July 11: 
- 14:OO Sivers measurement using back to back di-hadrons by Mickey 

Chiu (UIUC) 

July 20: (Wednesday) 
- 14:OO Testing fundamental symmetries with molecules by Dave Kawall 

(UMass/RB RC) 
- 15:30 High pT measurements in PHENIX by Ken Barish (UCR) 

fr July25: 
- 14:OO Silicon detector development and radiation hardness for nuclear 

and high energy physics experiments at BNL and around the world by 
Zheng Li (BNL Instrumentation) 

(n) reation by Tsutomu Mibe (Ohio) 
- 15:30 High statistics search for Theta(+) in gamma+d -> K(+) K(-) p 

0 August 1: 
- 14:OO Absolute polarimetry in RHIC -- How to measure the beam 

polarization? What is the principle? by Hirorni Okada (Kyoto) 
Octobe 14 &&$I Silicon-Tungsten Calom&jg for the Forward Direction in the 10 

n T T F ’ h T T T 7 ’  F -___ -.-A -I TITTT/Y I - - -  TI _ _ _ _  h T - 1 - -  _-___- / n T T . T F h T \  



Theory lectures 

Outline of the lectures 

Lecture 1: basic ideas; exploring the QCD final state 

Lecture 2: origin of singularities; infrared safety 

Lecture 3: QCD initial-state; factorization; renormalization 

Lecture 4: more on factorization & renormalization; pdfs 
F. 

Lecture 5: applications in hadron-hadron collisions; pdfs 

s . I '  

October 10,2005 Yuji Goto 11 
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Workshop at Nikko 
Scssk>r?i I -. chair: 

& d m  - Kazutaka Sudoh (KEK) b 
- ~ 

--- 
- 
-- 

- Maki ICurosawa (SUT) 

--- 

Sergei Kondrasliev (ITEP) Laser Ion Source of Highly Charged Tons for Synchrotrons 
lakeshi Kanesue (Kyushu U.> ion production with laser 
Megunii Naruki (RXEN) In-medium modification of rho/omega mesons 
Ryotaro Muto (RIKEN) In-medium modification of phi meson 

Sasha Bazilevsky (BNL) Pi0 cross section and A-LL in pp Runs: status and expected seiisitivities 
.b -- Kieran Boyle (SEW) Relative Luminosity un Run5 
\c, -- Robert Bennett (SBU) Vernier Scans in Run5 .b 

i 

-- 

- 
- 

- 

- 

Vladimir Rykov (RIKEN) Status report on the analysis of spin transfer to anti-Lambda-hyperon €rom 
longitudinally polarized protons 
Ran Wan (Peking) Spin flavor structure of Nucleon via W Production 
Yuji Goto (RIKEN) Transverse back to back Di-Hadron Jets 
Yasushi Watanabe (RIKEN) CCJ - past, present, and future 
Tomas Liska (Prague) Massive Data Production on Distributed Computational Environment 

Oleg Eyser (UCR) Transverse single spin asyinetries in charged hadrons 
Waled Emam (UCR) A First Look ai the Charged Pion 
Kiyoshi Tanida (RIKEN) Single spin asymmetry in very forward particles in polarized p-p collison 
Atsushi Taketani (RIKEN) PHENIX VTX Upgrade 

Yoshiyuki Onuki (RIIEN) PHENIX/Pixel detector assembly 

~~~~~~~~~ 3 - chair: 
-- 
- 

-- 

- 
-- Junkichi Asai ( M E N )  
- 

October 10,2005 Yuji Goto 13 
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0 

0 

a 

Achievements and future outlook 
Fast-track production of central-arm data in 2005 polarized- 
proton run DONE 
Detector calibration? QA, analysis of the relative luminosity? 
local polarimeter, normalization, etc. ONGOING 
Preliminary no A,, data of 2005 polarized-proton run will be 
shown at PANIC05 conference (Santa Fe, October 24-) 
Full production of central-arm & muon-arm data will start 
SOON 
Many new longitudinal & transverse spin results of variety of 
physics channels will be obtained: 
- direct photon, q, n+, jet, e*, p*, J/w, A, 200 GeV & 410 GeV transverse- 

polarization data, . . . 
Spin analysis group is formed stronger involving many 
US/Europian/Asian institutions 
It is worthwhile to plan the similar activity for future runs 1 1 1  . . 

October 10,2005 Yuji Goto 14 



Relative Luminosity Measurement at PHENIX 

David Kawall 
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Relative Luminosity Measurement a t  PH EN IX D. KawaII, RBRC 

0 To measure.l% asymmetry with Pbeam E 50%, need 6R < loF3 
0 Higher polarization reduces sensitivity to  uncertainty in R 
0 Order of magnitude requirement : 6R 5 few x 

c 
W 

How do measure relative luminosity? 

What difficulties do we expect? 

What should we do? (Work in progress) 



Relative Luminosity Measurement a t  Pt-l 

0 Collisions defined by coincidence of signals in Beam-Beam Counters (BBCs) 

0 Located a t  k1.44 m from interaction point, cover A 4  = 2n, 3.0 5 171 5 3.9 

0 Average hit time is formed from PMTs in north and south BBC arms separately 

0 From difference of north and south BBC hit times can reconstruct x of vertex 

0 Central arm acceptance requires event vertex 1x1 < 30 cm, muon arms less restrictive 

0 Have separate scalers for each bunch pair to measure collison rate for different helicity combinations 
0 Measure R with scalers attached to this minimum-bias trigger, R = BBC++ BBC+- + + BBC-- BBC-+ 
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Complications in Extracting R as Luminosity Increases 

0 At design luminosity, we expect 

0 70 percent of all crossings may contain 2 or more p p  collisions 

1 p p  collision/crossing 

t :  0 At least two complications will resu 

(1) BBC scaler counting minimum-bias 

F. cn m 

triggers only counts O or 1 p p  interactions/crossing 

0 p=average number of p p  interactions/crossing passing vertex cut, 
€=probability that one arm of BBC detects the collision, 

Number of BBC Triggers 
Number of Crossings 1 -p€( 1--E) I - [2 - e 

0 Minimum-das trigger rate not simple function of luminosity 

0 Would do better by measuring something linear in p p  interactions/crossing 

Accuracy in extracting R = p++/p+- depends on knowledge of e = E ( Z )  

Even if we know E ( Z )  + stil need to  know true vertex distribution 



Partial Solution to Determining Relative Luminosity 

0 In Run 5 we recorded BBC phototube multiplicity/crossing in PHENIX scalers 

0 Linear in luminosity to  much higher p p  rates than BBC trigger rate 

0 Clear evidence in Run 5 of multiple collisions/crossing 

0 Multiplicity determined with high precision for each crossing in each run 

0 But - collisions outside of PHENIX vertex acceptance also contribute to  multiplicity 

0 To extract luminosity requires knowledge of the vertex distribution and ~ ( z )  



Second Complication : Determiningthe Z Vertex with the BBC 

(2) We need to  measure luminosity delivered inside PHENIX vertex cuts (+ 30 cm) 

0 With multiple p p  interactions/crossing, will count events outside of PHENIX acceptance 
I I 
I I 
I I 

I 

I I 

60k S 
I 
I 
I 

I I 
I 

I 
I 
I 

I I 

ERk N 
' c '  

& I  

E 
& 7000 
cn $ 6000 
0 
5000 

Is 5 4000 

3000 

2000 

1 ow0 

0 

Z 

- 

0 Collisions a t  A & B outside PHENIX vertex 

Can be interpreted as collisions a t  C and D 
Vertex reconstructed by BBC is distorted 

0 Measurement of luminosity inside vertex 
I im i ts  distorted 

I I 3 pp eventsjcrossing 

1 'pp event [crossing 

150 -1 00 -50 50 1 DD 150 
Z vertex (cm) from BBC 



Possible Solution : Determine Vertex Distribution with Wall Current Monitor 

0 Image charges induced in beam pipe by bunched protons are shunted through resistors and 

0 Provides longitudinal profile of each blue and yellow bunch 

0 Can attempt to  predict vertex distribution 

resulting voltage sampled a t  4 GHz 



Predicted Vertex Distribution using Wall Current Monitor 

.P m 
0 

Z Vertex (em) 

0 Construct vertex from WCM data, account for p* = 1 mi smear with ZDC resolution 

0 Fit 50 crossings, 

0 Predicts “true” vertex in absence of effects of multiple collisions/crossing 

2 /N  E 1.13 for N m 250, vertex RMS predicted to  2 mm 

X I  <I50 cm) 0 (ZDCLLI trigger selects 



Possible Approach to Determining Relative Luminosity 

0 ZDC vertex predicted from wall current monitor is reasonable 

0 Comparing vertex predicted with WCM to observed BBC vertex yields E(X)/e(O) 

0 For each crossing, knowledge of WCM profiles, ~ ( z ) ,  and BBC multiplicity may allow us to  

0 All assumptions can be cross-checked with observed vertex distribution and trigger rate 

extract relative luminosity in high rate environment 

0 Cross-talk in WCM needs to -be reduced 

0 Should get spin flipper commissioned : 
* 

0 Allows us to flip polarization of all bunches in a beam 
0 Then individual bunch pairs can have J L++dt J L+-dt JL--dt J L + d t  
0 Dramatically reduced uncertainties in R from vertex shape and multiple collisions/crossing 
0 Relative luminosity R !z 1 by construction 

Other approaches still being considered 





Measurement of Direct Photons in ks = 200 GeV 
p+p Collisions 

Kensuke Okada 
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Measurement of Direct Photons 
in ds=2OOGeV p+p collisions 

RBRC review Oct. 2005 

K.Okada 
RBRC review 
October, 2005 

K.Okada 1 



Motivations 
-Test of our theoretical understanding based on QCD 
-Direct information on gluon distribution in the proton 

-Reference for A+A collisions 
With polarized beam at RHIC, it is a probe for gluon polarization 

80~90% 

An n i h i lat io n qYy 
20-1 0% 

Dominant 

RBRC review Oct. 2005 K.Okada 2 



Data 
RHIC run3 p+p 
2003 April-May 
ds=2OOGeV Pro ton- p ro ton coli is ions 
Luminosity= 240n b-I 

RHIC-PHENIX detector 
Central Arm (West) 

(Rapidity I y 1 <O, 35) 
Electromagnetic Calorimeter (EMCal) 

Photon detection 
High granularity (4 0*1 Omrad2) 

Charged hadron veto 
Drift chamber (DC) 

Beam forward I backward 
(Rapidity 3.1 <ly1<3.9) 
Beam-beam counter (BBC) 

Triggering and vertex determination 
Luminosity measurement 

BBC and EMCal Trigger for the data taking 
K.Okada 3 RBRC review Oct. 2005 



Analysis Strategy 

-Photon shape cut (important to remove merged no clusters) 
-Charged veto with DC track 
-Timing cut 

p p h o t o n  tag I 
-Count photons with no partner 
-Estimate no photons without partner 

(it is only kinematics and geometrical issue) I .P 
QI 
00 

Other hadron to photon estimation (q,cu, etc.) 

-Scale no photon 'contribution by their 
production. and branching ratio . 

I 

The rest is our direct photon signal !! (Subtraction method) 

RBRC review Oct. 2005 K.Okada 4 
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Subtraction method 

NLO pQCD calculation explains the 
data well. 

At low pT, the data show an excess. 
-with large systematic error 
-but may be soft physics contributions 

as well 

p-T[GeV/c] 

RBRC review Oct. 2005 K.Okada 6 



Isolation cut method : 2 goals 

- Check if our direct photon signal is isolated. 0 
(with LO view, they are isolated) 

* 
U r 

- A confirmation is done by applying the same isolation cut 
on photons from no 

RBRC review Oct. 2005 K.Okada 7 



Isolation cut method : 2 goals 

Can we extract contribution of direct production? 

RBRC review Oct. 2005 K.Okada 

NLO pQCD calculation by W. Vogelsang (p+p at &=ZOO GeV) 

8 



x -Z
 

W
 

n
 

3
 
I
 

S
 

S
 
0
 

I
-
 

I
 

0
 

0
 

cn 

E L m 
x 7 
W

 
I
 

- 

A
 0
 

II 

E
 E 

3
 

S
 

a, 
- E 

.- + 
5
 

al 

8 
W

 

U
 

a, 
0
 
3
 

U
 
0
 

.
s
 

cn 

L
 

+
 

.- .- 

u
 

a 
U
 

=I 
0
 

X
 

a, 

- v
) 

.- A
 

a, 
S

 
a, 

P
 

- 3 0 

0
 
0
 

cv c; 
8
 

0
 

CL 
CL 
a
 

473 



Isolation cut method 
I spectra (Isolation) I 

c? 
c! > 
0 

& 04 
9 e 

PHENIX 
Preliminary 
Isolation 

I 
@ 

c 

RBRC review Oct. 2005 

Isolation cut 

No correction for isolation cut efficienc; 
was applied. 

K.Okada 10 



Ratios 

1.4 

1.2 - 

I 

- PHE NIX Preliminary 
- 
- 
- 
- - 
- 
- 
- 

0.8 - 

0.6 - 

- 
- 

2i - 
VI 

- 
- 
- 

- 
- 
- 

- 
- 
- 

0.4 - 

8.2 - 

0 l i i l l l l l l l i l l l l l i l l ' i l l l l l l l l ' l ' l  

Direct photon : isolation I subtraction @ Photon from no : isolated photon / all 

Isolation cut 
0- ' *EY ' Econe(R=O.Srad. 

RBRC review Oct. 2005 K.Okada 11 



Iso/sub ratio with a theory calculation 

1.2 

1 

0.8 

0.6 

0.2 

Isolation cut 

By M.Werlen, 
JETPHOX 
-.35<y<.35 
P'PT 
BFG set2, CTEQ6M 

By W.Vogelsang, 
R=0.4 
p=pT, CTEQGM 

At high pT, theory predictions are consistent with the data. 

RBRC review Oct. 2005 K.Okada 12 



Prospects for Ag measurement 
For the asymmetry measurements, 
the purity is important. 

c I1 

Will be Achieve dALLsignal= D * dALLallphoton 
1/D: purity (=signal/all) 

* 
c @ With the isolation cut, the purity is about 

c c u 
P 

4t 80% for pT>IOGeV/c. 9 

% And most direct photons remains. 
4 

0.041 
b. 

@ 
0 

c 
& 

.#@ 
-# 

7# * In Run5, we took -3.5pb-1 with 50% pol. 0.02 e 

6 
.#@ 

-# 
7# 

e In Run5, we took -3.5pb-1 with 50% pol. 0.02 E * 

(The figure of merit (P4L) = 0.22 pb-I) 
We need a little more luminosity and 
polarization for photon ALL. 6 5 10 15 20 25 30 35 

RBRC review Oct. 2005 

T 

K.Okada 13 



Summary 
We are preparing for publication. 

ti 
cx, 

RBRC review Oct. 2005 K.Okada 14 



Spin Dependent Fragmentation 
Function Results from Belle 

Matthias Grosse Perdekarnp 
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pin D e p e ~ ~ e ~ t  F~agme~t~tjon” 
Function Results- from €3 

RBRC Review 
October 1 0 t h  - October 12th, BNL 

D. Gabbert (University of Illinois and RBRC) 

V. Siegle (RBRC) 



The Collins Fragmentation Function 

Why is it interesting to measure the Collins FF? 

The Belle Experiment 

Collins Asymmetries: First Results 

o Outlook 



J.C. Collins, Nucl. Phys. B396, 161(1993) and 
J.C. Collins, S. Heppelmann, G. Ladinsky Nucl.Phys.B420:565-582,1994 

W 
S 

I : quark momentum 
: quarkspin 

I : hadron momentum 
: transverse hadron momentum 

I 'h = 

= 2 E, /& : relative hadron momentum 

Collins Effect: 
Fragmentation of a 
transversely polarized 
quark g into spin-less 
hadron h carries an 
azimuthal dependence: 

- m  
OC (k P h J t  
= sine 

In-_ __ October 1 Ofh Spin Dependent Fragmentation Function Results from Belle 3 __ 
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" " _ I - _  - _ _  

neral Form for Fr ntation  unction 

Number density for finding 
a spin-less hadron h from a 
transversely polarized quark, q: 

unpolarized FF 

I October 1 Ofh Spin Dependent Fragmentation Function Results from Belle 5 



o Important test case for QCD 

o Interesting symmetry properties 

o Tests of universality and factorization between 
e+e-, DIS and p-p collisions 

o Connection between microscopic and 
macroscopic observables: 



Far-side: 
hj , j=1 ,Nf with zj 

.' . 

YI 

October 1 Ofh Spin Dependent Fragmentation Function Results from Belle 7 



-. 

in e+e- : 
rrelation bet ispheres ! ’ 

o Quark spin direction unknown: measurement of 
Collins function in one hemisphere is not possible 
sin 9 modulation will average out! 

Correlation between two hemispheres with 
sin qi Collins single spin asymmetries results in 
cos(q, +pz) modulation of the observed di-hadron 
yield. 

Fraction of sample with anti-parallel quark- and 
anti-quark spin direction - sin28 (assuming negligible 
beam polarization) 



. - -  - - _  - -  . .  

Angles and Cross Sectio 

2-hadron inclusive transverse momentum dependent Cross Section: 

October 1 Oth Spin Dependent Fragmentation Function Results from Belle 9 
P 



Superr;onductim 
- Asymmetric collider 
- 8GeV e- + 3.5GeV e+ 
- ds = 10.58GeV (Y(4S)) 

e+e-+Y(4S)+B 
- Off-resonance: 10.52 CeV 

e+e-+q (u,d,s,c) 
- 

e- 
Belle detector 

AREScopper - 
cavities (HER) 

8 GeV e- 3.5 
GeV w 
Linac 

October 1 Oth Spin Dependent Fragmentation Function Results m ,  ~ _:.I z - ?  10 from Belle 



............. 
QBO ............ .......... 

...... ...................... 

. ~~ .. . . . .  -----T-Y 
I ................................ ).. ......... - .......... ..... 

PeakLumirvsity 14908 ynbpecl@l5.16 
integrated Lumiiustty 1114.40 Vpbl 3R3rZW5 0.00 - 31L4Rw5 OlJo  JSTSoo 
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les-of fitting the 

i 
1- 0.8 

0 

t 

-3 -2 -1 0 1 2 3 
2% 

rnetries 

0.6 
D*8 i 

Cosine 
madul ati an s 
clearly visible 
No change in 
cosine 
moments when 
including 
higher 
harmunics 
(even though 
double ratios 

D, : spin averaged fragmentation function, 
H, : Collins fragmentation function 



Ijr 3 0.1 

.rr 

I t  

___ 

Significant non- 
zero asymmetries 

e Rising behaviour 

 COS(+^+@^) double 
ratios only 
marg i nal ly I arge r 

4 First direct 
measurement of 
the Collins 
fun ct i u n 
hep=ex/O507063 

vs. z 

a 2  t0 03 0.5 t?2 

October 1 Oth Spin Dependent Fragmentation Function Results from Belle 16 
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Summary: 
Observation of large 
azimuthal asymmetries in 
light quark frag-mentation 

I) first measurement of the 
Collins effect! 

Fundamental interesting 3- 
urgently awaited input for the 
transverse spin physics 
programs at RHIC but also 
DESY, CERN and JLab 

Outlook: 
(Much) more spin dependent 
FFs: 

3 interference 

+ Collins FF for VMs + Lambdas 

fragmentation 

Precision measurement of 
spin 
averaged fragmentation 
func-tions as input to RHIC 
program to extract the gluon 
polarization through A, 
measurements in in-clusive 
hadron production 

(see appended slides) 

October 1 Oth Spin Dependent Fragmentation Function Results from Belle 19 





e- o 
? 

c3 
Q 
E 

9 

2 
Y 

m 
P 

0 m s 
cn 
0 
P 

3 40 - 20 
$ 0  8 -20 

-40 

a 2  e 
0 

L 

Deviation connected to uncertainties 

October 1 Ofh Spin Dependent Fragmentation Function Results from Belle 21 



- -  

e of FFs 
- -  

Compelation of data 
available for the char- 
ged hadron FF 

0 0.1 0.2 0.3 0.4 0 5  0.6 0.7 0.3 0.9 1 
Eh z 

“ !  I* * Belle: Charged h+/-, 1 = ’ 1  

FF 
1 Q1 
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Toward Measuring the Internal Spin-Dependent 
Transverse Momentum of Quarks and Gluons in the 

Proton at RHIC 

Douglas E. Fields 
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Toward Measuring the Internal 
Spin-Dependent Transverse 

Momentum of Quarks and Gluons 
in the Proton a t  R H I C  

DE. Fields 
University of New Mexico/RBRC 



Out I ine 

Measuring transverse momentum of je ts  
loo king^ fo r  a correlation of this 
measurement with spin direction 

0 Ini t ial  measurements in Run03 
Status of Run05 
Summary 

Oct. I O ,  2005 D.E. Fields - UNM/RBRC 2 



Jet I ransverse 
Momentum, kT 

Back-to-back nature of jets is broken by 
initial state transverse momentum k, 

Additionally, if one doesn't measure the 
jet,  but rather the j e t  fragments (say, the 
leading particle and correlated particles), 
the back-to-back nature of these 
fragments is also broken by the j e t  
fragmentation transverse momentum j, 

Oct. I O ,  2005 D.E. Fields - UNM/RBRC 3 
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kT f rom Orbital 
Motion 

k T  larger k T  smaller 
like-sign helicities likensign helicities One can consider the b 

possi b il i t y  that spin- 
correlated transverse I 

momentum (orbital I 

contribute t o  j e t  k,. 
- Eg., Meng Ta-chung e t  

ai., Phys. Rev. 0 40 

VI angular momentum) may I 

Ellre R i g  Yallow R l q  Bke Rlslg W a w  R l q  
0 rD 

(1989) unlike-sign helicities unlikesign hellcities 

Oct. I O ,  2005 D.E. Fields - UNM/RBRC 5 
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Spin Sorted Analysis 

Do exactly the same analysis sorted on same 
and opposite helicity bunch crossings, extract 
<Zkt>RMs and look at the difference. 

Oct. 10,2005 D.E. Fields - UNM/RBRC 7 



Run03 Data 
o,dBk PHENIX Preliminary 

Run03 data is binned * 
into t w o  bins in trigger 
particle (no) pTt: 

$0.46 

NQ,44 - 1Gev/c2 < pT+ < 3 ~ e v / c 2  IJ 
- 3Gev/c2 < pTt < 5Gev/c2 

1 

P o u t  Passoc 

x h  - 
- P assoc 

P trigg 

Oct. I O ,  2005 

0'4i 
PHENIX Preliminary 1 

0.3 1 + 
t 

D.E. Fields - UNMlRBRC 

t 
i 

ti 

8 



0 

cn 
P w 

We must check the 
uncertainties t o  mak 
sure there are no 
systematic errors. 
- Bunch shuffling 

Run03 Data 

Oct. I O ,  2005 D.E. Fields - UNM/RBRC 
, I  

9 



Systematics Check 

Helicity assignments are 
randomized, and then the 
k, difference calculated 
f o r  each randomized set. 
The width of the 
distribution fo r  all the 
randomized sets should 
be the same as our 
statistical errors on the 
previous plot. 

Oct. I O ,  2005 

RMS =I45 

-0.1 0 0.1 0.2 

D.E. Fields - UNM/RBRC 
zkt difference (GeV) 

10 



Outlook 

Run05 has -x10 statistics, SO that  the 
uncertainty goes from +75MeV t o  
224MeV in the 3.0 < pT+ < 5.0Gevk bin. 

VI ' I t  has -x2 in polarization, so the ef fect  
grows by -x4. 
NanoDSTs are produced, analysis should 
be done in -2 months. 

Oct. I O ,  2005 D.E. Fields - UNMlRBRC 



summary 

We have an analysis tool that allows US t o  
measure initial state average transverse 
momentum of jets. 

0 K 0 We are studying this effect in longitudinal 
spin-sorted collisions t o  see if there is a spin- 
dependent coherent transverse momentum. 

Theoretical guidance needed! 
Is there a connection t o  parton OAM? 

0 Run05 is under analysis. 

Oct. I O ,  2005 D.E. Fields - UNM/RBRC 12 



CCJ = Status and Progress 

Y asus hi Watanab e 
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CCJ 
cn w 
\o - status and progress - 

Y. Watanabe 
RIKENRBRC 

Presented on October 10 2005 at RBRC review 



RIKEN CCJ : Overview 
+ Scope 

- Center for the analysis of RHIC Spin Physics 
- Principal remote site of computing for PHENIX reccrlIatri 
- Regional Asia computing center 

+ Size 

tion 

E 0 CPU performance : 508 Pentium III/4 CPU (Total: 1,111 GHz) 
Disk Storage : 50 TB 
Tape Storage: -800 TB ( = 4,000 tapes, expandable to 1.1 PB) 

Maximum transfer rate: 240 MB/s (30 MB/s/drive x 8 tape drives) 
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- CCJ growing history 

v1 
N 
N 

-_ " _  - " _  ~ _ _  . " . - - -_ - - . _ _  . 1200 -. - 

1000 

800 

600 

400 

200 

0 
Dec-98 Jun-99 Dec-99 Jun-00 Dec-00 Jun-01 Dec-01 Jun-02 Dec-02 Jun-03 ec-03 Jun-04 Dec-04 Jun-05 1 
oCPU power reached to C times I - 

rn CCJA252 CPU A RSCC P C ~ C  256 CPU 
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Current configuration of CCJ 
CCJ kea 

vector CPU 
(SX-7/32) 
CPIJ: 32 
Mem: 256 G3 
283 GFlopa 



. .  . 

. _. 

A slide shown in last year. 
rn Going to decide with PHENIX to produce 

official DST of Run5 pp data at CCJ 
Because shortage of CPU power at RCFIPHENIX 

clData transfer challenge 
Estimated pp data volume of Run3 300-500 TB 

17 60-100 MB/s needs to be sustained for 8 weeks 
Network transfer: primary option 

Going to develop 
Tape transfer: secondary option 

17 Already confirmed method 
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Growth of data stored in the CCJ-HPSS 
(T E 

600 

500 

400 

300 

200 

100 

0 

+-Simulated 

*-.DST 

Analysis 

Backup 

t. Raw 

+-Archive 

- -Phi 

- Belle-halysio 

- cef~rtpos 

D-PWay---T-l Way 

D-SWay;-T-PWay 

D-4Way---T-l Way 



PHENIX experiment uses Grid to 
transfer 270 TB of data to Japan 

This seems to be the first 
time that a data transfer of 
such magnitude was 
sustained over many weeks 
in actual production 

http://www.cerncourier.com/mai 
n/article/45/7/15 



Members of data transfer 

PHENIX 
M.Chiu, H.Hiejima, M.Purschke, D.Morrison , Shift Crews 

T.Throwe, R.Popescu, SMisawa, J.Riordan, Y. Dantong 

Tkhihara, S.Yokkaichi, A.Kiyomichi, S. Kametani, 

ul a RCF 

w CCJ 

w 

Y.Watanabe 
. . .many advisers I 
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Analysis for the PHENIX experiment with CCJ in 
the year 
Official productions and simulations 

rn Major analysis projects 
Run5 pp data transfer and production at CCJ 

Run2-pp vernier scan analysis - Y. Goto 
Transferring full set of run3 nanoDST to CCJ - M. Kaneta 
Simulation of Photonic Electron in the PHENIX Run3 d+Au Experiment - F. Kajihara 
Transfer of nanoDST's from 2nd production for 62.4GeV Au+Au - M. Kaneta 
PYTHIA-PISA with run3 enviroment - K. Okada 
run3 200 GeV d+Au nanoDST's'copy from RCF to CCJ - M. Kaneta 
pi0 Simulation of Photonic Electron in the PHENIX Run4 Au+Au Experiment - F. Kajihara 
Run4 200GeV Au+Au Stripe-2 CNT and PWG nanoDST's copy from RCF to CCJ. - T. lsobe 
Run4 200GeV Au+Au compact EWG nanoDST's copy from RCF to CCJ - F. Kajihara 

EI Study of hadron production at RHIC-PHENIX run4/5 - M. Oka 
Estimate blocking effect of single electron by materials using PlSA for run3pp - M. Togawa 
Generate run5 pDST for analyzing local pol data - M. Togawa 
Analysis of Jet Production A - LL - K. Nakano 

h) 



A Silicon Vertex Tracker for PHENIX 

Atsushi Taketani 
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VI w 
VI 

A Silicon - .  Vertex Tracker 

F! Atsushi Taketani 

I. Physics goal 

2. Structure of detector 

3. Status and plan 

4. Expected performance 

5. Summary 
RBRC Review 2005 

itlKiW 

1 



536 



Phvsics Goals 

Heavy Ion program Spin p'rogram 
0 

0 

0 

Potential enhancement of 
charm production. 
Open beauty production. 
Flavor dependence of jet 
quenching and QCD energy 
loss. 

e Investigating nucleon spin 
structure by polarized proton- 
proton collider to utilize 
quark/gluon as probe, instead 
of DIS lepton. 

Beauty and charm separation gluon polarization by using 
Accurate charm reference for beauty / charm final state. 
quarkonium. 

0 gluon polarization by using y. + 
jet final state. 

decay channel Flavor decomposition by using 

I 

Thermal dilepton radiation. 
Upsilon spectroscopy, e+e- 

- 

y -Jet correlation W->e channel. 



CIJ 

cn 
CI 
cn 

CL 

E b
 

lz cd 

0
 

G
 

rn 
*
d
 

E E.0 

lz cd 

0
 

G
 

0
 

U
 

7
"
 

h' 

538 



NSAC recommendation 
' October 7,2004 

Within a constant level of effort budget, the 
Subcommittee recommends that certain esseniial 
investments be made. These include: 

> Construction of the PHENIX Silicon Vertex Tracker 
and the STAR Time-of-Flight Barrel; 

cn > Participation in the LHC Heavy-Ion program; 
> Investment in RHIC accelerator and detector R&D; 
> Construction of the EBIS; 
> Support at the present level for university and national 

> Provision for RHIC running time sufficient to preserve 
laboratory research; 

the integrity of the Heavy-Ion and Spin Physics 
p rog rams 
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Requirements for Vertex Tracker 
1 Physics side 1 
High precision tracking for displaced vertex measurement. 
40pm displaced vertex resolution, cz - 100pm(D), -400pm(B) 
Large coverage tracking capability with momentum resolution 
(Iqlcl.2 , and full azimuthally with d P  - 5%P) 

High charged particle density ‘dN/dq’ - 700 @ q = O  
High Radiation Dose -1 OOKRad@l OYears 
High Luminosity 2 x i 0 ~ ~ c r n - ~ s - ~  @PP -> High rate readout 
Low Material Budget <- avoid multiple scattering and photon 
conversion for electron measurement by outer detectors. 



Structure 
0 Barrel region 

1ql4.2, almost 2n; in 4 
Pixel sensor at inner 2 layers 

Strip sensors at outer 2 layers 

0 Forward region 

1.2~1q1~2.7, 2p in 4 
4 layers of mini strip 

(50 x 2000 to I1000 pm) 

Trigger capable 

. '. . ' .  

i ' 

. .  .... *...> 

1. . I  
. . .  . . . .  

L ,  ( .  



PIXEL (Sensor 

Pixel size( 3 x z )  
Sensor Thickness 200um 

256 x 32 = 8192 channel / sensor 
4 sensor / chip 
4 chip / ladder 

50 pm x 425 pm 

r(iJ :z. 

a nd 'Readout) 

Readout by ALICE - LHCBT chip 
Amp + Discriminator / channel 

.Bump bonded( 2 dim. Soldering) to each pixel 

.Running 10MHz clock ( RHlC 106nsec ) 

.Digital buffer for each channel > 4usec depth 

.Trigger capability > FAST OR logic for each crossing 
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PIXEL readout 

‘PHENIX Digital Pilot 

LICE chip is 32bit inputl40MHz x 16bit output 



c+I 
Sensor elements: I 

Pixels: 80 ~ r n  Y 1 mm, projective readout via 
double metal XUN “strips” of -3 cm length. 

Developed at BNL Instrumentation Gr. 

‘Two strip-pixel arrays on a single-sided wafer of 500 pm 
thickness, with 384 + 384 channels on 3 x 3 cm2 area. 

I I I Position resolution is 25pm by test beam 1 



1 



Schedule and status 
Pixel Readout test End of 2005 

0 Strip Readout test Fall of 2005. 
Structure -design study Start now 

h VI Prototype ladder 
Eo 

Production (Japan) 
Production (US) 
Installation complete 

Early 2006 
Start in 2005 
2007 
2009 

(Possible early partial implementation) 

Total cost -8M US$ (Japan, US, France) 



Layer Sensor I 
~ 

Layer 1 

(x-strip) 

~ 

Layer 2 

(u-strip). 

~~ 

Layer 3 

~~ 

Layer 4 

Expected Pe,rformance 

radius 

2.5 cm 

'5.0 cm 

10.0 cm 

14.0 cm 

Pixel 

Pixel 

Strip 

~ 

Strip 

Occupancy 

0.53 Y o  

0.16% 

I 

4.5 % 1 4.7 Y o  

2.5 Yo I 2.7 Yo 
(x-strip) I (u-strip) 

Expected occupancy at Au-Au 
200GeV most central event 

1 o3 

1 o2 

*- 
i 
C. 

-f 4" 

4 '1-1 I-: 
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Summary 
PHENIX Silicon Vertex Tracker will open new 
physics horizon for both Heavy Ion and Spin 
program of RHIC. 
There are two of inner pixel layers, two of outer 
strip layers and forward mini-strips 

cn Ln Hardware R&D work is on going. 
P 

Completer installation in 2009 for RHIC 

Plans underway for early partial implementation. 
RUN9(2009/2010). 





PHENIX Muon Trigger Upgrade 

Wie Xie 

... 

553 
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PHYSICS Motivation: Spin Dependent Quark and Anti-Quark Distributions 

- - 
u(x)=d(x) 33 . 

Drell-Yan Process: 

,I 

1.75 

1.5 

\ I s  S.25 

1 

0.75 

0.5 

0.25 
n 

m 

"0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 

Oct. 2005 RBRC Scientific Program Review 2 
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PHYSICS Motivation: Spin Dependent Quark and Anti-Quark Distributions 

Inclusive p Production, 500 GeV/c 

0 5 10 15 2 0  25 30 35 140 45 
p :( G eV/c) 

Accurate Measurement of QuarWAntiquark spin 
Oct. 2005 RBRC Scientific Program Review 4 



Major Problem to be Solved first: Muon Trigger Upgrade 

.collision rates in SOOGeV run: -12MHz,. 

0PHENIX DAQ bandwidth: 5KHz (can go up to 12kHz) 

*Bandwidth assignment 
Ln 
Ln a *Need trigger rejection 

. .  
I .  

1 

for muon trigger: 1kHz. 

Collision Rate 12MHz 
factor = io4 

Trigger Rate 
Current muon level-1 trigger r 

need additional rejec 

Oct. 2005 RBRC Scientific Program Review 5 



Nos 

. PHENIX Muon Arms 
Steel n 

Oct. 2005 

P>2.5GeV 

MuIDRoad: 
MuTD LLl Trigger. 
Rate: -30kHz 

\\ 
Gapkl, Gapk2, Ghp#3, Ga3#4, G$#5 

Muon Identifier Chambers (MuID) 
RBRC Scientific Program Review 6 



. Muon Trigger Upgrade Plan 

RPC 2 
\ 

Muon Tracker Chamber 

statior#l, s t a t i d  

\ Nosedone+Centr&l Magnet 

Oct. 2005 

rpc 
P>2.5GeV 
/ 

* MuTDRoad: 
- MuID LL 1 'Trigger 

Rate: '-30kHz 

\ 
Gap&, GapiCfZ, GLp#3, G&#4, Gap#5 

Muon Identifier Chambers (MuID) 
7 RBRC Scientific Program Review 



(Look up Table) 

Muon Trigger Upgrade Plan 

MuID Road match RPC hits X momentum cut from RPC = Trigger Upgrade 

\ h  

20 40 60 80 IO0 i 2 0  id0 

'{ 
OO 

Muon roadlD - 

\d chamber I1 I 

6(+)=angle I - angle I I :  momentum \ cut 

I rejection 

Oct. 2005 

I 36000 I 19980 I 10090 

RBRC Scientific Program Review 

Enough rejection power achieved 

8 



Muon Trigger Upgrade Plan 

accepted signal ' 

total input signal 
efficiency = 

0.1) '~ ....... ................................. ..:.! . .  .......... 
: - + +  

....... . ................................. 0.8 : - + - -  :......--I--. 

..... ........... 
..... .......... ........ .... .......... 
..... ......... 

.. 
........ :- .... .. ................................... 
........ ....................................... 

:- : &-.- . 
: -  - .  

A 1  .............................. - ....................... 

....................................................... 
:+ i 

...................... .................................. 
-: 

................................................... 

.......... :. ; . .cut; Oi.7 .(+egg&. ...... 

.......... i.. ........ ;. ........ !.!.e .cierYr$e.. ...... 
2.0 de&& 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .......... 
3;o &&e 

.......................................................... - .  
.- 0.1: I ................ :...: ........... i ........... :.. ......... - - :  - 4- *- 
2 4 s 8 3d 12 14 16 

Oct. 2005 

Very Efficient for High pT Muons 
RBRC Scientific Program Review 9 



Trigger Chamber Technology: Resistive PS 

Pick-up cathodes and FEE CL 

t 
The chamber structure: 

Gap: 2 mm; 
HV electrodes : 100 pm graphite 
Gas pressure : N 1 Atm . 

Gas mixture: N 95% F134a, N 4.5% ISO- 
Butane, O.5%SF6; 
Obakelite resistivity 10 lo- 10 l2 acm 

.I) 2-3kWz/cm2 in avalanche mode! 
Oct. 2005 RBRC Scientific Program Review 10 
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NSF Proposal Has been Approved ! 
University of Colorado 

Frank Ellinghaus, Ed Kinney, Jamie Nagle, Joseph Seeie, Matt Wysocki 
University of California at Riverside 

Ken Barish, Stefan Bathe, Tim Hester, Xinhua Li, Astrid Morreale, 
Richard Seto, Alexander Solin 

University of Illinois at Urbana Champaign 
Mickey Chiu, Matthias Grosse Perdekamp, Hiro Hiejima, Alexander 

Linden-Levy, Cody McCain, 
Jen-Chieh Peng, Joshua Rubin, Ralf Seidel 

Iowa State University 
John Lajoie, John Hill, Gary Sleege 

Kyoto University 
Kazuya Aoki, Ken-ichi Imai, Naohito Saito, Kohei Shoji 

Columbia University 
Cheng Yi Chi, William Zajc 

RBRC 
Gerry Bunce, W.ei Xie 

Abilene Christian University 
Rusty Towell, Larry lsenhower 

Peking University 
Yajun Mao, Ran Han, Hongxue Ye, Hongtao Liu 

Oct. 2005 RBRC Scientific Program Review 12 



Project Schedule 

.R&D from 2005-2007 

build RPC for half of the south muon 
spectrometer by September 2007, install for the 
run in winter 2007 and 2008. 

Ln m 
4 *build remaining modules for both spectrometers 

by September 2008 

.complete mechanical integration of RPCs into 
PHENIX by January 2009. 

Oct. 2005 RBRC Scientific Program Review 13 



Parallel Project: M U O ~  Tracker Trigger 

0.8 

8 0.6 

I= 0 -- 0.4 

Rej I23708 I10900 17180 I 
- -  

t - +  

- 
+ 
-4 ../ Sagittac=l stri 

Sagitta<=2 strips 
+ - -c 

- i 

Enough rejection power with good 
efficiency for high pT muons 

- Sagittac=3 strips 

q n . I I . 1 1 1 ,  I I I I . .  I I I * I I I I .  I I I I * I * I I I . ,  I I,, , 

0 0.2 - - - 
O0’ 

Oct. 2005 RBRC Scientific Program Review 14 
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CURRICULA VITAE - SUMMARY 
RBRC FELLOWS/RESEARCH ASSOCIATESLRESEARCHERS 

Yasuyuki Akiba Birthplace: Tokyo, Japan DOB: October 20,1959 
D.S. 
Experience: 

Sinya Aoki 
D.S. 
Experience: 

- 

1988, University of Tokyo 
Research Associate, Institute for Nuclear Study, University of Tokyo, 

Research Associate, High Energy Accelerator Research Organization (KEK), 

Senior Research Scientist, RIKEN, April 2003 -July 2003; 
Senior Researcher, RIKEN, August 2003 - present; 
RIKEN Spin Program Researcher, RBRC-E, November 2003 - present 
Deputy Spokesperson for PHENIX, 2004 - present. 

March 1988 -March 1997; 

April 1997 - March 2003; 

Birthplace: Tokyo, Japan DOB: May 16,1959 
1987, University of Tokyo 
Research Associate, Brookhaven National Laboratory, 1987-1 989 
Post-Doctoral Fellow, SUNY at Stony Brook, 1989-1991 
Assistant Professor, U. of Tsukuba, Japan 
Lecturer, U. of Tsukuba, 1993-1994 
Associate Professor, U. of Tsukuba, 1994-2001 
Professor, U. of Tsukuba, April 2001 - present 
.Visiting Fellow, joint position with RBRC Theory Group and Tsukuba University, 
April 1 , 2004 - present. 

Awards and Honors: Fellowships of the Japan Society for the Promotion of Science for Japanese 
Junior Scientists, at Physics Department, U. of Tokyo, Japan; 
First (FY 2004) JSPS Prize Award, Mathematics; Physical Sciences; 
Chemistry; Engineering Sciences. 

Junkichi Asai Birthplace: Kyoto, Japan DOB: January 8,1976 
Doctor of Sciences: 2004, University of Tokyo, Japan 
Experience: RIKEN Spin Program Research Associate, RBRC-E, April 2004 - June 2005. 

Steffen A. Bass Birthplace: Frankfurt, Germany DOB: May 17,1968 
Ph.D. 1997, J. W. Goethe Universitsit Frankfurt, Germany 
Experience: Feodor Lynen Fellow and Research Associate, Duke University, 1998-99 

Visiting Assistant Professor, Michigan State University, 1999 
*RHIC Physics Fellow/Assistant Professor--RBRC/Duke, 
September 1 , 2000 - August 3 1,2005. 
BNL/RBRC Research Collaborator, September 2000 - present. 

Awards and Honors: W. E. -Heraeus-Award, W.E.-Heraeus Foundation, Germany, 1993 
Feodor-Lynen Fellow, A. v. Humboldt Foundation, Germany, 1997 
U.S. Department of Energy Division of Nuclear Physics Outstanding 
Junior Investigator Award, 2003. 
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Thomas C. Blum Birthplace: USA DOB: December 27,1962 
Ph.D. 1995, University of Arizona, Tucson, A% 
Experience: Postdoctoral Fellow, High Energy Theory Group, BNL 

RIKEN BNL Fellow, October 1, 1998 - September 30,2003; 
Associate Physicist, Brookhaven National Laboratory, October 2003 - Dec. 2003. 
=RHIC Physics Fellow/Assistant Professor-RBRCKJ. of Connecticut, Storrs, 
January 1,2004 - present. 

Awards and Honors: DOE-GANN Fellowship: August 1990 - May 1993; 
Year 2005 Department of Energy Outstanding Junior Investigator Award, 
High Energy Physics. 

Christopher Dawson Birthplace: Preston, Lancashire, TJK DOB: July 6,1973 
Ph.D. 1998, University of Southampton, UK 
Experience: Research Associate, High Energy Theory Group, BNL 

RIKEN BNL Fellow, October 1,2001 -present 

Abhay L. Deshpande Birthplace: Mumbai/Bombay, India DOB: March21,1965 
Ph.D. 1994, Yale University 
Experience: Visiting Scientist, BNL, 1989-1994 (Member of the BNL-E85 1 Collaboration) 

Visiting Scientist, CERN, 1994-1999 (Member of the SMC Collaboration) 
Visiting Scientist, DESY, 1 998-Present (Member of the ZEUS Collaboration) 
Associate Research Scientist, Yale University, 1994-2000 
RIKEN BNL Fellow (Experimental Group), February 2000 - December 3 1,2003. 
KRHIC Physics Fellow/Assistant Professor-RBRC-E, S U N Y ,  Stony Brook, 
January 1,2004 -present. 

Awards and Honors: Gibbs Prize in Physics, University of Bombay, 1985. 

Takumi Doi Birthplace: Hiroshima, Japan DOB: November 16,1976 
Ph.D. 2004, Tokyo Institute of Technology, Japan 
Experience: Fellowships: The Japan Scholarship Foundation, Department of Physics, Tokyo 

Institute of Technology, 1999-2001, JSPS Research Fellowships for Young 
Scientists, Department of Physics, Tokyo Institute of Technology, 2001 -2004; 
RIKEN Spin Program Research Associate, RBRC, April 1,2004 - present. 

Tokyo University, 1995-1 999; Awards: The Tejima Memorial Research Award for 
Ph.D. Thesis. 

Awards and Honors: Fellowships: JSPS Fellowship, The Iwakuni Foundation for Scholarship, 

Douglas Fields: Birthplace: U.S.A. DOB: July 2,1963 
Ph.D. 199 1, Indiana University, Bloomington 
Experience: Postdoctoral Research Associate, Los Alamos National Laboratory, 1992-1 995 

Research Associate Professor, University of New Mexico, 1995-2001 
Member of the PHENIX Collaboration, BNL, 1995-present 
=RHIC Physics Fellow/Assistant Professor-RBRC-E, University of New Mexico, 
September 1,2001 -present 
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Yoshinori Fukao Birthplace: Aichi, Japan DOB: April 5,1978 
B.S. 2001, Kyoto University, Kyoto, Japan 

Master Course Student, 2002 - present 
Experience: RBRC Young Researcher, Experimental Group, 2002 - 2003. 

RIKEN Junior Research Associate, RBRC, Experimental Group, 
April 1,2003 - present. 

Kenji Fukushima Birthplace: Tokyo, Japan DOB: January 29,1975 
Ph.D. . 2002, University of Tokyo, Komaba 
Experience: Research Fellow of the Japan Society for the Promotion of Science (JSPS), 

University of Tokyo, Japan, April 1999 to August 2003; Visiting Scientist, 
Massachusetts Institute of Technology, Department of Physics, September 2003 - 
March 2005; RSP Research Associate, RBRC Theory Group, April 2005 - present. 

Awards and Honors: JSPS Fellowship 

Dominik Gabbert Birthplace: Krefeld, Germany DOB: June 26,1979 
Vordiplom 2001 , Student at Technical University, Munich, Germany for Master Thesis; 

Visiting Scholar at U. of Illinois, Urbana-Champaign. 
Experience: RBRC Young Researcher, RBRC Experimental Group, January 2004 - present. 

Yuji Goto Birthplace: Shizuoka, Japan DOB: November 25,1965 
Ph.D 1996, Kyoto University, Kyoto, Japan 
Experience: Research Fellow of the Japan Society for the Promotion of Science, 1994-1 996 

Postdoctoral Fellow, RIKEN, Japan, 1996-1999 
RIKEN BNL Fellow, November 1999 - March 3 1,2002 
Scientist, RIKEN, April 2002 to March 2003; 
Senior Research Scientist, RIKEN, April 2003 - present. 
RIKEN Spin Program Researcher, RBRC, April 1,2002 - present. 

Matthias Grosse-Perdekamp 

Ph.D. 1995, University of California at Los Angeles 
Experience: Associate Research Scientist, Yale University 1995-1998 

Research Scientist, Mainz University, 1998-1999 
RIKEN BNL Fellow, January 1999 - August 31,2002. 
Member of the PHENIX and BELLE Collaborations; 
0-C Physics Fellow/Assistant Professor-Rl3RC-E; University of Illinois, 
Urbana Champaign, September 1,2002 - present. 
Deputy Spokesperson for PHENIX, 2004 - present. 

University, 199 1. 

Birthplace: Schwenningen, Germany DOB: December 1,1963 

Awards and Honors: Foreign Scholar Award, UCLA, 1990; Gustav Mie Preis, Freiburg 

Koichi Hashimoto Birthplace: Fukui, Japan DOB: December 20,1979 
M.Sci. 2003, Kanazawa University 
Experience: Visiting Student, RBRC, September-October 2003. 

RIKEN Spin Program Young Researcher, RBRC Theory Group, 
April 2004 - March 2005; RIKEN Jr. Research Associate, April 1 , 2005 - present. 
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Yoshitaka Hatta Birthplace: Kyoto, Japan DOB: August 5,1976 
Ph.D. 2004, Kyoto University, Department of Physics 
Experience: RBRC Young Researcher, Theory Group, RBRC, 

RIKEN Junior Research Associate (Theory), 2002 - 2004. 
RIKEN Spin Program Research Associate, RBRC Theory, April 1 , 2004 - present. 

Spring 2002 - 2003. 

Tetsufumi Hirano Birthplace: Kanagawa, Japan DOB: September 17,1972 
Ph.D. 2001, Waseda University, Japan 
Experience: Research Associate, Waseda University, Japan, April 1999 to March 2001 

Postdoctoral Fellow at University of Tokyo, Japan, April 200 1 to March 2003. 
RIKEN Spin Program Research Associate, RBRC Theory Group, 

Visiting Scientist RBRC/Columbia University, September 1,2004 - present. 
March 24,2003 - August 3 1,2004. 

Awards and Honors: JPS Theory Award for Distinguished Young Researchers in Nuclear Physics 
(2002). 

Takuma Horaguchi Birthplace: Iwate, Japan DOB: September 29,1977 
Graduate School: Tokyo University of Science, Japan 
Experience: RBRC Young Researcher, Experimental Group, RBRC, 

Spring 2002 - 2003. 
RIKEN Junior Research Associate (Experiment), April 1,2003 - present. 

Takashi Ichihara Birthplace: Japan DOB: February 22,1958 
Ph.D. 
Experience: 

Kei Iida 
Ph.D. 
Experience: 

1987, Kyoto Universjty, Japan 
Research Scientist, RIKEN, Japan, 1987-1995 
Senior Research Scientist, RIKEN, Japan, 1995-1998 
Assistant Chief Scientist, RIKEN, Japan, 1998 
Researcher, RBRC Experimental Group, 1998 
RIKEN Spin Program Researcher, November 1999-.present , 

Birthplace: Aomori, Japan DOB: July 28,1970 
1998, University of Tokyo 
Postdoctoral Research Fellow, JSPS, U. of Tokyo, April 1998- March 2001; 
Visiting Postdoctoral Research Associate, U. of Illinois at Urbana-Champaign, 
September 1999-March 2001. 
RIKEN Special Postdoctoral Researcher, April 200 1 -March 2004. 
RIKEN Fellow, RBRC Theory Group, April 2004-present. - -  - 

Awards and Honors:Research Fellowship df the Japan Society for the Promotion of Science for 
Young Scientists, April 1996-March 1998 and April 1998-March 2001. 
RIKEN Special Postdoctoral Grant, April 2001-2004. 

Takashi Ikeda Birthplace: Saitama, Japan DOB: December 2, 1973 
Ph.D. 2002, University of Tokyo, Japan 
Experience: Special Postdoctoral Researcher, RIKEN; 

RIKEN Spin Program Research Associate, Theory Group, RBRC, 
Spring 2002 - March 2005. 
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Taku Izubuchi Birthplace: Tokyo, Japan DOB: February 15,1970 
Ph.D. 1997, University of Tokyo 
Experience: Postdoc, Tsukuba University, April 1997-November 1999. 

Research Associate (with tenure), Department of Physics, Kanazawa University, 
December 1999 - February 2001 
Brookhaven National Laboratory, High Energy Theory Group, 
March 200 1 - February 2003 
Research Associate (with tenure), Department of Physics, Kanazawa University, 
March 2003 - present. 
*RBRC Visiting Fellow with Kanazawa University, April 1,2003 -present. 

Doctor Course, 1994-1 997; Andre Lagarrigwe Scholarship at the 
International School of Subnuclear Physics, Erice, Italy, 1995; JSPS 
Research Fellowship for Post Doctor, 1997-1999; JSPS Research Fellowship 
for Research Abroad, 200 1-2003. 

Awards and Honors: Japan Society for the Promotion of Science (JSPS), Research Fellowship for 

. 

Sangyong Jeon Birthplace: Pusan, Korea DOB: March 7,1964 
Ph.D. 1994, University of Washington, Seattle 

,Postdoctoral Research, University of Washington, Particle Theory Group, 
February 1995 to June 1995 
Postdoctoral Research, University of Minnesota, Nuclear Theory Group, 
August 1995 to September 1998 
Postdoctoral Research, Lawrence Berkeley National Laboratory, 
Nuclear Science Division, October 1998-December 3 1 , 2000 
*RHIC Physics Fellow/Assistant Professor--RBRC/McGill, January 200 1 - present 

Baurngartner Fellowship, University of Washington, 1987- 1989 
Weis Prize, University of Washington, 1990; Polish Ministry of National 
Education Award for Outstanding Team Research, 2003. 

Awards and Honors: Tuition Scholarship, Seoul National University, 1983-1 984 

Osamu Jinnouchi Birthplace:Saga, Japan DOB: June 13,1972 
Ph.D. 
Experience: 

2001 , University of Tokyo 
Research Fellow of the Japan Society for the Promotion of Science, 
January 1999 to March 2001 
Contract Researcher of RIKEN, April 200 1-2003. 
Research Associate, RBRC Experimental Group, April 1,2003 - Feb. 28,2005. 

Nobuyuki Kamihara Birthplace: Yokohama, Japan DOB: June 29,1974 
M.Sci. 
Experience: 

2002, Master Course of Fundamental Physics, Tokyo Institute of Technology 
Graduate student at Tokyo Institute of Technology/Student Trainee at RIKEN, 
2002 - present 
RIKEN Spin Program Research Associate, RBRC-Experiment, effective 
September 2005. 
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Masashi Kaneta Birthplace: Hiroshima, Japan DOB: November 5,1971 
Ph.D. 1999, Hiroshima University, Japan 
Experience: Member of NA44 Experiment at CERN, 1994-present 

Member of Beam-Beam Counter (BBC) Group for PHENIX Experiment, 
1994-1999; Member of TOF Detector Group in PHENIX Experiment at RHIC, 
1999; Member of STAR Experiment at RHIC, 1999-present; 
Postdoctoral Fellow at KEK, 1999; Postdoctoral Fellow Physicist at 
Lawrence Berkeley National Laboratory, 1999-2002. 
Member of STAR Experiment at RHIC, 1999-2003; 
Research Associate, BNL, RBRC Experimental Group, Nov. 1,2002-January 2005. 

David M. Kawall Birthplace: Glasgow, UK DOB: April 13, 1965 
Ph.D. 1996, Stanford University 
Experience: Associate Research Scientist, Yale University, Physics Department, 1995-2004. 

RIKEN BNL Fellow, RBRC Experimental Group, June 1,2004 - January 2005. 
*RHIC Physics Fellow, RBRC Expemental Group/Assistant Professor, 
University of Massachusettes, Amherst, January 2005 - present 

Scholar, Varsity Fund National Admission Scholarship, William R. Hossack 
Memorial Scholarship in Mathematics and Physics 

Awards and Honors: G. David Scott Scholarship in Physics, Trinity College Scholarship, Faculty 

Stefan A. Kretzer Birthplace: Dortmund, Germany DOB: November 26,1968 
Ph.D. 1999, University of Dortmund 
Experience: Visiting Research Associate at Michigan State University, 2000-2002 

Research Associate, Brookhaven National Laboratory, October 2002 -present; 
Reseakh Associate, Joint RBRCNuclear Theory Group, BNL, April 2003 present. 

Awards and Honors: Associate of the Graduiertenkolleg: Erzeugung und Zerfalle von 
Elementarteilchen of the Deutsche Forschungsgemeinschaft (DFG) 
Scholarship, 1996-2000. 

Kazuyoshi Kurita Birthplace: Tokyo, Japan DOB: August 11,1963 
Ph.D. 1992, Columbia University, New York 
Experience: June, 199 1 Research Associate, Univ. of Tsukuba 

April 1994 Assistant Prof., Univ. of Tsukuba 
April 1997 Postdoctoral Researcher, RIKEN 
Oct. 1997 Special Postdoctoral Researcher, RIKEN 
RIKEN BNL Fellow, April 2000 - March 3 1,2002; 
Visiting Scientist, Experimental Group, RBRC, with Rikkyo University, Japan, 
April 2002 - March 3 1 , 2004; Visiting Scientist at RIKEN, March 2004 - 
March 2004. 

Awards and Honors: Educational Research Award, Tsukuba Gakuto Foundation, July 1992 
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Alexander Kusenko Birthplace: Simferopol, Ukraine DOB: March 17, 1966 
Ph.D. 1994, State University of New York, Stony Brook 
Experience: Postdoctoral Researcher, University of Pennsylvania; CERN Fellow, Theory 

Division, CERN, Switzerland; Postdoctoral Researcher, UCLA 
*RHIC Physics Fellow/Assistant Professor (2003 Promoted to Associate Professor 
with tenure)--RBRCRJCLA, October 1 999 - September 2004. 
BNL/RBRC Research Collaborator, October 1999 - present. 

Awards and Honors: Peter Kahn Fellowship, Sigma Xi Award for Excellence in Research, Sigma 
Xi Society Award, President's Award to a Distinguished Doctoral Candidate 

Zheng Li Birthplace: China DOB: 
Ph.D. 1986, Pennsylvania State University, University Park 
Experience: Physicist, Brookhaven National Laboratory, Instrumentation Division, 

November 1986 - present. 
RIKEN Spin Program Visiting Scientist, Experimental Group, May 2003 to present 

Excellent Academic Performance, 1977-1 98 1, Peking University; Visiting 
Professor, Beijing Institute of Semiconductors, 1998-present; Dual Professor, 
Xiangtan University, China, 1999-present; Science and Technology Award, 
Brookhaven National Laboratory, 2005. 

Awards and Honors: Davey Fellowship, 198 1, The Pennsylvania State University; Award for 

Agnes M6csy Birthplace: Romania DOB: September 10, 1971 
Ph.D. 2001, University of Minnesota, Minneapolis 
Experience: Adjuncflost Doc, The Niels Bohr Institute, Copenhagen, Denmark, October 200 1 

to September 2003; Post Doc/Humboldt Research Fellow, Theoretical Physics 
Institute and Frankfurt Institute for Advanced Studies J. W. Goethe University, 
Frankfurt, Germany, October 2003 to September 2005; 
Research Associate, RBRC Theory Group, October 1,2005 - present. 

Awards and Honors: Merit Scholarship, Babes-Bolyai University, Cluj-Napoca, Romania, 
1990-1 994; Study Scholarship, Eotvos University, Budapest, Hungary, 1993; 
NORDPLUS Award Scholarship, The Niels Bohr Institute, Copenhagen, Denmark, 
1995- 1996; Louise T. Dosdall Fellowship, University of Minnesota, Minneapolis, 
2000-2001; Alexander von Humboldt Research Fellowship, J. W. Goethe 
University, Frankfht, Germany 2004-2005. 

DCnes Molnar Birthplace: Debrecen, Hungary DOB: June 24,1974 
Ph.D. 
Experience: 

2002, Columbia University, New York 
Postdoctoral Fellow, Nuclear Theory Group, The Ohio State University, Columbus, 

Postdoctoral Researcher, Nuclear Theory Group, The Ohio State University, 

*RHIC Physics Fellow, RBRC Theory Group/Assistant Professor, Purdue 
University, West Lafayette, IN, September 2005 to present 

2002-2003; 

2003-2005; 

Awards and Honors: Graduate Research Fellowship, Columbia University, 1997-2002; 
Postdoctoral Fellowship, The Ohio State University, 2002-2003; 
Klaus Kinder-Geiger Award for Best Talk at Hot Quarks 2004 Intl. Workshop, 
Taos, New Mexico, 2003 
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Itaru Nakagawa Birthplace: Japan DOB: October 5,1969 
Ph.D. 1999, Graduate School of Tohoku University, Sendai, Japan 
Experience: Postdoctoral Associate of the Laboratory for Nuclear Science, Massachusetts 

Institute of Technology, Nov. 1999 to Nov. 2002; Postdoctoral Associate of 
Department of Physics and Astronomy, University of Kentucky, Dec. 2002 - Nov. 
2003; Research Assistant Professor of the Department of Physics and Astronomy, 
University of Kentucky, December 2003-November 2004; 
Scientist RIKEN, December 2004 - present; 
RIKEN SPIN Program Researcher, RBRC Experimental Group, December 2004 - 
present. 

Award for the outstanding Ph.D. thesis in MIT-Bates Laboratory, 2000; Award for 
outstanding young physicists in Experimental Nuclear physics, Japanese Physics 
Society, 2003. 

Awards and Honors: Japan Ikueikai Scholarship, 1989-1994 and 1995-1999; The Peter T. Demos 

Ken’ichi Nakano Birthplace: Hiroshima, Japan DOB: May 24,1980 
B.S. 2003, Tokyo Institute of Technology 

Master Course Student, Tokyo Institute of Technology 
Experience: RBRC Young Researcher, RBRC Experimental Group, July 1,2004 - March 2005. 

HKEN Jr. Research Associate, April 1,2005 - present. 

Akio Ogawa Birthplace: Japan DOB: September 6,1969 
Ph.D. 1997, Nagoya University, Japan 
Experience: Research Associate, September 2002 and Assistant Scientist, April 2003, 

Brookhaven National Laboratory (BNL), STAR Experiment; 
RIKEN Spin Program Visiting Scientist, Experimental Group, Belle Collaboration, 
KEK, January 1,2002 present. 

. 

Kensuke Okada Birthplace: Japan DOB: November 20,1970 
Ph.D. 2001, Nagoya University 
Experience: Contract Researcher at RIKEN, Wako, Japan, June 2001-March 31,2002 

Research Associate, RIKEN BNL Research Center (Experiment), 
April 1,2003 - present. 

Peter Petreczky Birthplace: Uzsgorod (Ungvar), Ukraine DOB: February 17, 1973 
Ph.D. 1999, Eotvos University, Budapest, Hungary 
Experience: Research Fellow, Bielefeld University, Germany, 1999-2002 

Goldhaber Fellow, Brookhaven National Laboratory, October 2002 - Sept. 2005; 
RIKEN BNL Fellow, RBRC Theory Group joint with Nuclear Theory 
October 1,2003 - September 30,2005; RIKEN BNL Fellow/Assistant Physicist 
joint with Lattice Gauge Group, October 1,2005 to present. 

Awards and Honors: Goldhaber Fellowship, 2002. 
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Naohito Saito Birthplace: Aomori, Japan DOB: November 28,1964 
Ph.D. 1995, Kyoto University, Japan 
Experience: 1993 July, Research Fellow, Kyoto University, Japan 

1995 April, RIKEN Special Post Doctoral Fellow 
RIKEN/Rl3RC Researcher, 1996 April to March 2001 
RIKEN Spin Program Researcher, April 1,2001 - March 3 1,2002; 
Visiting Scientist, Experimental Group, RBRC, with Kyoto University, Japan, 
Spring 2002 - present. 

Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 1993-1995 

Shoichi Sasaki Birthplace: Tokyo, Japan DOB: May 31,1968 
Ph.D. 1997, Osaka University, Japan 
Experience: Research Fellow of JSPS, Yukawa Inst. Theor. Physics, Kyoto U., Japan, 

April 1997 to August 31, 1998; 
RIKEN BNL Research Associate, September 1998 to September 30,2000; 
Assistant Professor, University of Tokyo, October 2000 - present. 
RIKEN Fellow, RIKEN BNL, Research Center, Theory Group, October 1,2004 to 
present. 

JPS Best Paper Award from Japan Physical Society, 1999. 
Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 1997-1998; 

Thomas M. Schaefer Birthplace: Hanau, Gerinany DOB: May 18, 1965 
Ph.D. 1992, University of Regensburg 
Experience: Postdoctoral Research Associate, State University of New York at Stony Brook 

Postdoctoral Research Associate Institute for Nuclear Theory, University of 
Washington; Member Institute for Advanced Study, Princeton; 

January 2000 - December 3 1,2002. 
*RHIC Physics Fellow/Associate Professor (with Tenure)-RBRClNorth Carolina 
State University January 1,2003 - December 3 1,2004; 
BNL/RBRC Research Collaborator, January 2002 - present 

Awards and Honors: Member, Studienstiftung des deutschen Volkes; 
Fellowship, German Academic Exchange Service 
Feodor Lynen Fellowship, Alexander v. Humboldt Foundation 
U.S. Department of Energy Division of Nuclear Physics Outstanding Junior 
Investigator Award, 2002. 

RHIC Physics Fellow/Assistant Professor--RBRC/ SUNY, Stony Brook, 

Ralf-Christian Seidl Birthplace: Niirnberg, Germany DOB: June 11,1975 
Ph.D. 
Experience:. Working Visit, Hermes Group at Tokyo Institute of Technology, Japan, granted by 

2004, University of Erlangen-Niirnberg and DESY, Hamburg, Germany 

DFG/JSPS, October 2003; Hermes Experiment at DESY, Hamburg, Germany, 
2002-2004; Postdoctoral Researcher, University of Illinois at Urbana-Champaign; 
Visiting Scientist, RBRC Experimental Group, May 15,2005 to present 
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Mikhail Stephanov Birthplace: Moscow, Russia DOB: April 19,1966 
Ph.D. 1994, Oxford University, U.K. 
Experience: Postdoctoral Research Associate, U. of Illinois at Urbana-Champaign 

Postdoctoral Research Associate, ITP, SUNY at Stony Brook 
*RHIC Physics Fellow/Assistant Professor (2003 Promoted to Associate Professor 
with tenure). --RBRC/ University of Illinois at Chicago, October 1, 1999 to 
September 2004; BNL/RBRC Research Collaborator, October 1999 to present. 

Awards and Honors: Soros Scholarship, Overseas Graduate Scholarship fiom Jesus College, 
Oxford; U.S. Department of Energy Division of Nuclear Physics Outstanding Junior 
Investigator Award, 2001; Alfred P. Sloan Fellowship, 2002. 

Takanori Sugihara Birthplace: Japan DOB: April 29j 1969 
Ph.D. 1997, Kyushu University 
Experience: Research Associate, RCNP, Osaka University, May 1997 - March 1999; 

JSPS Postdoctoral Fellow, Nagoya University, April 1999-March 2002 
Research Student, Nagoya University, April 2002 - September 2002; 
RIKEN Spin Program,(RSP) Research Associate, RIKEN BNL Research Center 
(Theory Group), October 2002 - September 30,2005. 

Tsuguchika Tabaru Birthplace: Ehime, Japan DOB: July 31,1971 
Ph.D. 2001, Kyoto University 
Experience: Research Fellow of the Japan Society for the Promotion of Science, 

April 1996 - March 1999; 
Contract Researcher of RIKEN, April 2001 - March 2002 
RIKEN Special Postdoctoral Researcher, RIKEN Spin Program (RSP) Research 
Associate, RIKEN BNL Research Center, Experimental Group, April 2003 - 
present. 

Atsushi Taketani Birthplace: Ako, Japan DOB: February 26,1963 
Ph.D. 1990, Hiroshima University, Japan 
Experience: Research Associate, Fermi National Accelerator Laboratory, Batavia, IL, 1990- 1994 

Researcher, RIKEN, 1994- 1999 
Senior Research Scientist, RIKEN, 1999- present 
NKEN Spin Program Researcher, April 1,2001 - present. 

Kiyoshi Tanida Birthplace: Japan DOB: February 8,1974 
Ph.D. 2000, University of Tokyo 
Experience: JSPS Special Research Fellow, University of Tokyo, January 2000 - March 2000; 

JSPS Postdoctoral Research Fellow, University of Tokyo, 
April 2000 - September 2001; 
Researcher, RIKEN, October 2001 - present; 
RIKEN Spin Program Researcher, November 2003 -present. 
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Hisayuki Torii Birthplace: Japm DOB: June 6,1973 
Ph.D. 2003, Kyoto University 
Experience: Junior Research Associate, RIKEN, Japan, April 1999 - March 2002; 

RIKEN Spin Program (RSP) Research Associate, RIKEN BNL Research Center, 
Experimental Group, April 2003 - present. 

Grill Tuchin . Birthplace: Makeevka, Ukraine DOB: August 1 1,1973 
Ph.D. 200 1, Tel-Aviv, Israel 
Experience: Postdoctoral Research Associate, Institute for Nuclear Theory, University of 

. Washington, 200 1 -2003; Postdoctoral Research Associate, Nuclear Theory Group, 
Brookhaven National Laboratory; 
*RHIC Physics Fellow, RBRC Theory Group/Assistant Professor, Iowa State 
University, Ames 

Tel Aviv University, 2000. 
Awards and Honors: Prize for research achievements from the School of Physics and Astronomy, 

Ubirajara L. van KoIck Birthplace: Sa0 Paulo, Brazil DOB: April 2,1963 
Ph.D. 
Experience: 

1993, University of Texas, Austin 
Research Associate, Department of Physics, University of Washington, 
September 1993-February 1996 
Research Assistant Professor, Department of Physics, University of Washington, 
March 1996 to December 1997 
Senior Research Fellow at the California Institute of Technology, 
January 1998 to August 2000. 
*RHIC Physics Fellow/Assistant Professor (2003 Promoted to Associate Professor 
with tenure)--RBRC/University of Arizona, Tucson, September 2000 - August 
2004; BNLMRC Research Collaborator, September 2000 to present. 

Awards and Honors: Fellowships: Fellow of the Conselho Nacional de Desenvolvimento 
Cientifico e Tecnolbgico (CNPq), Brazil, 1987-1 992. Fellow of the Coordenadoria 
de Aperfeiqoamento de Pessoal de Nivel Superior (CAPES), Brazil, 1985-1 987; 
U.S. Department of Energy Division of Nuclear Physics Outstanding Junior 
Investigator Award, 2001; Alfred P. Sloan Fellowship, 2002. 

Werner Vogelsang Birthplace: Dortmund, Germany DOB: October 6, 1965 
Ph.D. 1993, University of Dortmund, Germany 
Experience: Postdoctoral Researcher in Theoretical Particle Physics, U. of Dortmund, 

Nov. 1993 - Sept. 1994 
Research Associate in Theory Group of the Rutherford Appleton Laboratory, 
Didcot, England, Oct. 1994-Dec. 1996 
Fellow in Theory Division, CERN, Geneva, Switzerland, Jan. 1997-Dec. 1998 
Post-doctoral Researcher at the Institute for Theoretical Physics at State University 
of New York, Stony Brook, January 1999 to March 2000 
RIKEN BNL Fellow, April 1,2000 - September 30,2003. 
*RHIC Physics Fellow/Associate Physicist/RBRC/BNL, October 1,2003 to present; 
Awarded Tenure at BNL on June 1,2005. 

Awards and Honors: Scholar of the "Studienstiftung des Deutschen Volkes, 1984-1990 
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DOB: February 12,1961 Yasushi Watanabe Birthplace: Tokyo, Japan 
Ph.D. 
Experience: Scientific Researcher, RIKEN, 1991 

1993, University of Tokyo, Japan 

Research Collaborator, PHENIX/RBRC 
Scientific Researcher, RIKEN, RBRC, 1998-200 1 
HKEN Spin Program Researcher, April 1,200 1 - present 

Tilo Wettig Birthplace: Germany DOB: December 12,1966 
Ph.D. 1994, State University of New York, Stony Brook 
Experience: Research Associate, Nuclear Theory Group, SUNY, Stony Brook, 1994; 

Research Associate, Max-Planck-Institute for Nuclear Physics, Heidelberg, 1995- 
1996; 
Research Associate, Institute for Theoretical Physics, Technical University of 
Munich; External Scientific Associate, Max-Planck-Institute for Nuclear Physics, 
Heidelberg, 1997- 1999; 
*RHIC Physics Fellow/Assistant Professor (2003 Promoted to Associate Professor at 
Yale)--RBRC/ Yale University, October 1999 - September 2004; 
BNL/RE3RC Research Collaborator, October 1999 - present. 

Awards and Honors: 1 st Prize, National Physics Olympiad, East Germany 
Scholar of the "Studienstiftung des deutschen Volkes" 
Heisenberg Fellowship of the German National Science Foundation 

Wei Xie 
Ph.D. 1997, Institute of High Energy Physics, Beijing, P.R. China 
Experience: Postdoctoral Fellow at Department of Particle Physics, Weimann Institute of 

Science, Israel, CERESlNA45 Experiment at CERN, PHENIX at BNL, October . 

Postdoctoral Research Associate at Physics Department, University of California, 
Riverside, PHENIX at BNL, March 2000 to January 2004; 
RIKEN BNL Fellow, RBRC Experimental Group, January 2004 - present. 

P.R. China, 1988; Feinberg Fellowship at Weizmann Institute of Science in Israel, 

Birthplace: Hei Meng Gu, P.R. China DOB: April 5,1970 

1997 - March 2000. 

Awards and Honors: Guan Hua Fellowship for outstanding students at Shandong University, 

1998-2000; 

Norikazu Yamada Birthplace: Japan DOB: November 6,1972 
Ph.D. 2000, Hiroshima University 
Experience: JSPS Postdoctoral Fellow, High Energy Accelerator Research Organization, KEK, . 

April 2000 to December 2002. 
Research Associate, RIKEN BNL Research Center, Theory Group, 
December 2002 - October 3 1,2004. 

Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 2000-2002. 

Takeshi Yamazaki Birthplace: Chiba, Japan DOB: September 1,1976 
Doctor of Science: 
Experience: Research Associate, RIKEN BNL Research Center, Theory Group, April 1,2004 - 

present. 
Awards and Honors: Award Medal by the Japanese Theoretical Particle Physics Group for 

Outstanding Presentation at Biannual Meeting of the Physical Society of Japan, 
2004. 

2004, University of Tsukuba, Japan 
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Satoshi Yokkaichi Birthplace: Iwamizawa, Hokkaido, Japan DOB: Dec. 10, 1966 
Ph.D. 2000, Kyoto University, Japan 
Experience: Research Fellow of the Japan Society for the Promotion of Science, 1995-1 997 

Research Fellow of the Department of Physics, Kyoto University, 1998-2000; 
Special Postdoctoral Researcher, RIKEN, 2000-2001 
RIKEN Spin Program Research Associate, April 1,2001 - present 

Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 1995-1997 

Hiroshi Yokoya Birthplace: Tokyo, Japan DOB: March25,1978 
Master Sc. 2002, Hiroshima University 
Experience: RIKEN SPIN Program Young Researcher, RIKEN BNL Research Center, Theory 

Group, May 2003 - March 2005. 

FengYuan ' Birthplace: Huangmei, China DOB: March 10,1972 
Ph.D. 2000, Peking University, P.R. China 
Experience:. Postdoctoral Research Associate, U. of Heidelberg, Germany, September 2000 to 
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